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AETS NSSA ANNUAL LUNllimiN 
HUMANISM UEYONII tHt CLASSROOM 

Scioiuv luliUitUath Ihiiveisity ui' Umu ti»v^a City 

Huinamsm \\\ ilio ilusstootii, luiinansiic ;?diic;ilioii, 
liunuiusUc UMchiiiji aiv tetnis which excu phl^ the 
iiHcuM ami wom oin lui 'luimimisnr* in iho |h ilossional 
coniimiuitv. Vsc ul huinatiiMn in lomis ol spocillc 
cIiisMomn sUuaiioiis» in ci^nnociion wiUi tcadung strata 
ojiJos* with respect to cimlcuhiin patterns dues \m do 
lUMice to huiuaiilMU as a concept in societies ol' i lan. 

Ms leimiiKs fall within three sets of seven piunts 
wfuch aie hkenoil to ihe branching and interielaii niship 
4>f deei amiois. The first soi ol parts is ctniceiiici wild 
the seven nuijor iieiids which characteri/e the crrrent 
educational scene and which are likely to iniensiry 
dininj! the yoais aliead. The second set o\ points 
ideiiUl'> major human problems which charactui/e 
today's society. The rinal set ol points ropreseiu seven 
ideas which would exemplily hiiinaiiisiu beyond .lie 
classroom. 

It is always diiViciih at best to predict the luture. It 
is often difficult to analvve the present. However, with 
all the risks I i)ffer the folKminji seven characierisii.s of 
the euncational scene both now and in the immediate 
future. Suci! a list is not meant to be exhaustive, and it 
is not meant to impl> approval or any other value 
judgment. 

1. School enrollments ssill continue to decline, 
retlectinji ilie decreases in the birth rate. Duriujj the 
l*><nS*70 years the birth rate decreased bv ^ 
percent: during 1^)70-7: the decrease was 0 
percent; the repoit for the 1072-74 years has not 
been released. However, the percentages are not 
even in terms of the socit»economic levels of men in 
today's society. The decreases have been more 
pronounced witMn the high socioeconomic level 
than in the low socioeconomic group. The con- 
tinued dochno in numbers and the change in 
make-up ol' each new school level will have many 
implications for the future. 

2. The turmoil observed during recent years with 
respect school governance will continue. The 
adversary roles of the to|) administrative and ttie 
instructional staff will become even more pro- 
nounced. The awkward position of the middle 
administrative positions will cominue to grow. 

3. Pmblems concerning the funding for education at 
all levels will increase. This situation will become 
worse as didlars siabili/e and greater emphasis is 
placed upon cost effectiveness. I'hese problems will 
lesult m more complications, confrontations, and 
ct>nipetitioii for the same tax dollars. The CiMiflicts 
will include public vs private, elementary r.v second- 
ary vs collegiate levels, ioeal vs regional r.v slate units. 

4. I duc.itional gmils will contimie to receive study and 
ledtMimtion. Students, conmmniiy representatives, 
representatives from oigani/ations. and society 
generally will become more ariive and involved iii 
studying the rok of schools and educational units 
in today's society. Such efforts are likely to result 
in major breaks in the traditions which have 
characterized educaiion for the past one hundred 
years. 



The inepaiatory l^mcilon ui Uie clemeHlaty* 
secuiuhiiy scluiol wiil again he a piimary etupluisb* 
The mnvth and inipuhirlty i%\ voc;H(ou»teclmical 
t^ost high Hctuiol iustituiions will uinthute. Cuiric* 
ulai programs in all educaidMial tmiis will be more 
varied because of social prmuics* Uie job luarkct.- 
and uiit*of«sclioot e\|»erletices. 

(u Supei xy stems for the legulatiun of all levels of 
edticalhm will be formed. Such an organi/aiiun will 
result in K ;s emphasis on tlscal senarateness. It will 
result in new pressure groups and new alignments 
id regulatory giimps, hoards, and professionals, 

7. Idticatiou will eontlime to ascend as a *>iwer" in 
society, liducath^n will become nunc central to the 
daily workings of si^ciety especially iti the socio- 
economic and luditical arenas. 
Basic problems in terms of how modern man looks 
at himself have educational implications. These 
'Vciiple problems'' also affect how we loiik into 
the crystal ball for a glimpse of the futuiv. IVople 
Moblems which aie im}n»rtant in Cimsldcring 
uimanisin in oducatiim iiulude the following: 

h Man has an instinctive tendency to fight change. 
Change is generally recognized as a constant force; 
howevei, we still fight it. This resistance to change 
comes from fear. It threatens the stability of the 
known. The reaction of sucii tnreats Is described as 

• being the same regardless «if the time or the 
situation. Peimle first try to ignore it: ne.\t try to 
rationalize it away; and fiiudly wsm to name 
Cidling. 

2. Man at least during the pa.st decade seems to lack 
faith that all problems can be solved. Throughout 
the history of reciu'ded time man has had that 
faith. It has always been impossible to imagine any 
problems conceived by man that man could not 
also solve. Ideas are assumed to be as natural as 
they are inevitable. Ideas are premises for solving 
problems. Today problems of the economy, fo;^! 
shortages, the so-callod energy crisis seem to create 
feelings of despondency and fatalism. 

3. Modern nuiii has become complacent about lumself 
;is an individual. He is complacent abtnit educaiion. 
He as.sumes that the awarding of degrees is identical 
to an educaiion. He assumes that our tucliiu)logy 
makes us a more advanced civilization. It has been 
.said that num is less creative when he has a 'Mull 
.stomach/' Modern socieiy itself has bred man's 
complacency concerning his fate and his thought ol 
his own role in that society. 

4. It is all too uncommon to let words do our thinking. 
An unknown phenomenon can be called sometliing 
and then all too quickly it is something. Labels such 
as liberal, con.servaiive. permissive, individualized, 
competency based, and humaitistn are loo often used 
in a variety of ways with a variety of meanings. 

5. Modern man assumes that he is a member of the 
most literate, the luost informed, tlie most intelligent 
society that has ever existed. It is all too easy to 
lorgei our failings, the state of oui literacy, the 
problems that our "advancements'* have caused. 
Ignorance is the basic factor i?i all of our public 
problems. We too easily forget thai learning need is 
oui-distancing our attaimncnts. 

(\ A significant number of individuals in toda' *• 
socieiy seem to lack commitment ;:ud a sensi .f 
direction for their lives. Too ma ly persons have 



renuHHc lor yesk^rday while fear aiiil ii|iprolaMisiuH 
cliaiacieri/c their tcoliiigs fur loiiunrow. 7m lew 
reati/o we need to concentrate i\\m the iM\ly lime 
we have now, Concenirutin^ itie present is 
perliapji the best ineparation IV^r the I'uture. This 
hick ill lonnnittueiit lor currvMU uctivitien and the 
nialnionance uf a hoahhy stMise of direction, par* 
tlculailv, explain the scpaiatlon of getieralioiis. tt is 
easv to crilici/c wliai tite older tienerution conKl have 
done. In a snnilar fashion it is all loo easy to spend 
ttine and effort worrying about what tlie new genera* 
tion will du. 

7. A major **people problem" is the lack of hnininty 
lunnility in weighing one's own worth, the value of 
one's ideas. i>Me*s interaction in coupcraiive efforts. 
Perhaps the problem is an emphasis upon an 
ego-cenieied philosoplu. l-or example, tot) often 
Uie diahnuic at piufessional meeliitgs is really a 
setiCH o\ moiu)h>gucs concerning what wv are domg» 
our im'gram. how wr resiUve tlial issue, llenjamin 
l-raiikhn once said that luunlliiy was the trail of all 
ihe traits of man for which he most yearned. 
However, lie purportedly .';lowed the search lor he 
feaied that once he had the trait he would be so 
prond of it that it would bo lost. Perhaps it is the 
sincere watch for humility that should he the goal. 
Seven points have been advanced to characterize 
whole education is and where it is going. Seven points 
have been advanced whicli represent tnajor problems of 
man which have slowed his cultural evolution and hi?; 
ability to meet the problenw of today's world. Seven 
point's are now advanced to exemplify humanism 
beyond the classri)oni. Tliese seven noints may be 
viewed as ideas as premises that are needed if we are to 
be learners and leaders in teacher education. 

1. We need to remind ourselves regularly of the si/able 
incompleteness of our understanding of ourselves, 
of nature, of the world. We sliould map our areas 
of ignorance based on the knowledge we have. We 
sliould make less of the information explosion and 
more of ihe gaps in the information. We should be 
aware ot and ciwicerned for the knowledge which 
we do not even know exists. Norman Hackernunu 
president of Rice University, makes this point 
particularly well in his editorial included in the 
Marcli S issue of Sricmv. 

2. The knowledge we have, as meagre as it is, should 
he used for understanding ourselves and our world. 
The importance ot' using knowledge to whet our 
natural curiosity and our innate desire fur more 
kiujwledge sluuiid bo stressed in ail of our being. 
Tins is liie fascination of lite an>' the essence of 
hemg human. 

.V We must hegin to use systems and institutions for 
meeting suciolal and liuinan goals ratiier than having 
systems and institutions as goals. In our own en* 
vironmeni \n oui own series of experiences in 
the niche uMo winch wc are horn and in which we 
hvv and die we loo otleii fi>igel liial the systems 
.lod niNtitulions anumd us are of hiunan creation 
cre.Ucd initially to seive man. 

4. The connnuniiy itself needs to bect>me a learning 
ceniei. Mie scln^ol as .i retlectioii of such a concept 
can become a dynamic ct>innumit\ center where 
peiv)!is of all knuls ot all ages from all education 
levels ctmie n\ueiher to consider solutions \o proh- 
lems that lace us alt. The new loie for .schools is a 



soeietat role and one beyond the uhuuI elussruitm 
detlnition. 

5, luhtcalorji must become professhmal le • . 
(Teaclier as a ternt and us 'i ctHieept iteed . to be 
abandoned!) it been said that learttittg an bent 
be learned \ others who theimelven i^re active 
learners, Michael M irien of tlie Syracuse University 
Research Corpoiatitm has said that proiessionalistn 
among educators is merely an act of ego massage 
until such edttcationat leaders do become learners 
tirsi and foremost. 

(I, The lines that se|>ara{e groups must be lessened if 
not erased. The interlace between studeios and 
teachers, HchiM)ls and communities, college students 
and high school students, editcators and members 
of other professions, vaiii»us classes witliin imKlern 
society anist l)e made less distinct, ('oininunication 
ainou^i all desired if we are to work together 
cooperatively in solving the problems i)f our day. 

7. New schema tor identifying, measuring* and de- 
scribing progress are needed. Our ideas concerning 
. success and our definition of it must be alteivwl. We 
need new criteria and new leases for judgment. We 
nnist eoine to realize tfuit we are dependent upon 
human judgment in nearly all of mn human 
associations. 

To accomplish humanism beyond the classroom we 
need common men with uncommon views of themselves. 
I am reminded of a favorite siory lold of the rebuilding 
of the ( athedral of London after World War II. As you 
may recall, Sir duistopher Wren was commissioned to 
,»ccomplish the restoration. On one occasion Sir 
diristopher decided to visit with si)me of his workmen 
who were busy in the court yard. He approached eacli 
of the men hidividually with the same miestion: "And 
what, my good man, are you doing?* liach of the 
workmen responded with a different answer, llie Inst 
lesponded, **I am cutting stones.** The second re- 
sponded. *M am building a wall.** and the third replied. 
*M am helping Sir diristopher Wren rebuild the Cathe- 
dral,'' l{ach man was involved in the same activity and 
yet each had a different perception of his job. My hojv 
for our NSSA and our AliTS members is thai we have 
many who are cathedral builders as opposed to stone 
cutters. The kind of people we have is of the utmost 
importance as we consider our futures. As wc all 
dedicate ourselves to the future, humanism (man's 
respect for man) can and must go beyond the class- 
room! 

AETS-NSS/\ JOINT GENERAL SESSION II (Abstract) 
PROMISES AND PROBLEMS ON THE WAY TO 1984 

hdward J. Kormondy, The livergreen State College, 
Olympia. Washington 

Tliese are rapidly changing times whose rate of 
change will certainly accelerate between now and 10X4. 
Such ctnulitions warrant lapid response from soci:*l 
systems, but, matured by years and structure, most have 
become so stable and status-quo-oriented as to be largely 
incapable of speedy remedy. That can and nuist be 
altered. The educatu nal system needs to be presciem, 
nsk-taking* and given to ciystal'balling. Most importantly 
it must engage the learning pnu-ess in the real world o\ 
dynannc change il it is to be pertinent to the times and 
relevant to the leainer. 



SESSION C 

COMMUNITY INVOLVEMENT^ COOPERATING 
AGENCIES, AND INFORMATION NETWORKS 

0 ;i viil Arch bald . lui viriuiiiwn tal (aiusuUuiU , 
M;uUsu« hiblic ScliUiiln, Madisuii, WiscoiiHin 

Tlio \Ydik imkesscs doscrihed in this pivRtfitath*n 
vycrc inibhsfiod in iho Januaiv/February Issue ul 
mJtwnali^j tlw Wmmnin hituivtion AsHodatUm. 

The key ideas covered wero: 
I. Career/environment education interfadng based on 
the key envimnaienial education concepts iden- 
tified at the University of Wisconsin and the key 
career education concepts idenlilled at liie Uni- 
versity of Texas and Ohio State University. This 
inieil'acinji was carried out thri>U8h a Title III 
l\Sh'A piojecl. 

1 iiic l-dncaiion hubrmanon (lil) System a student 
operated system si> siudenls can liuilch the talents 
and expertise ol' connnuniiy resource individuaLs and 
grtHips Willi school needs. 

»V The key ecological |>rinciples for ecology education. 

4. l\>nununiiy {ioal setting and information pioccsses 
based on citi/en teedback with student parlicipa- 
\um, 

5. A simulation to provide hands-on experiences with 
a!l of the above. Tlie simulation thus pnwides a 
'Mialning and exercise mat" lor student entiy into 
real contmutiity experiences. 

SESSION 1) 

SCIENCE EDUCATION FOR THE FUTURE: 
TOMORROW NEVER COMES 

(ierald H, Krockover. Assistant Professor of Sv:ience 
liduc.'Mion* Purdue University. West Lafayette, 
inditua 

hi a recent issue of IJ.S, News anJ Wnrhl livfum 
(I I a sHk's i>f preJicliiUis wore made regarding our life 
in the J 1st Century. Several of these predictions are 
that: 

1. Airliners *vill tlv through the stratosphere at 
4.(KK) miles per lioiu. 

2. l-.diicalion will be a ccmiimious process no 
hMigei rigidly ct^inpressed into the years of 
:liildhood and youth. The number of college 
students will rise inun million today \b 
million with many of iliese students learning 
off-campus Willi the aid lU* television cassettes, 
study kit'-, aiiil tether electronic teaching 
deviLos. Tho number o( community colleges 
will increase. Pupils of high schot^l age will iK^t 
be ill a classroimi at alK but out earning 
academic credit by working full time at jobs 
Un spocilied peruKis. I niphasis on the learning 
of tCLhincal skills is expected to gain at the 
expense o* a more traduional liberal-aris edu- 
^.atiiMi. 

.V l anulies vi|| be smaller and of varied struc- 
tuie. deneiic engineering will be available so 
that habicN can he obtained with specified han 
ci>lui and eye cidor and perhaps other desired 
pliNsioal and mental characteristics. The med- 



ian age of Atnerican^ will rise truin 2H (u 35. 
Life exiwctuitev tor women will imm^ itm 
67 to 78 and tiiut of men iVuin 6.^ lo 
4» Six or ten luuiple will live in tnetropolitan 
areas of one million m more poputution (today 
a is four of ten). Tlte Black and other 
ttomvhite pupiilutUnt of the central^ctty will 
rise from 22V; \o 40'^. Today*s total of 4.4 
tnllllun farnt workers will dri>p by SSV; as 
machittes and chemicals take over ttuisl of the 
farnt work. 

S. An average work week Is expected to be My 
hours instead of ,17.2 hours. However, 
employees will probably be free ti) set sched* 
tiles to fit their needs; thus mo$t will suuee/e a 
week's work into three days to provide more 
time for adult education or tecreation. The 
family income will rise from SK^OOO annuallv 
to amiually in 1074 dollars, 

{>, The energy crisis will be solved tinough alter- 
native energy sources such as the use of solar 
converters for home healing, mass»transii for 
metropolitan areas, and small |)eonle ntover 
vehicles. Hie main shortage v\ the future will 
be water as our needs rise iVotn 400 btlliiin 
gallons daily to over 1 trillion gallons. 

7. The diet of Americans will be based upon the 
greater use of substitutes for protein other 
than me;M« 

8. The basic causes of heart disease and cancer 
will be identified atul a way to prevent iim or a 
lasting cure will be found, Spare*parts surgery 
will become ctnnmimplace. 

9. We will have ihree-dimeiiMOiial television, wide- 
spread use of tape cassettes for home viewing 
atid computer hookups on which people may 
iiblain information, place merchandise orders, 
and pay bills without leaving their homes. 

As we look forward to these luture happenings, we must 
prepare elementary and seciuidary teachers as well as 
college science educatms U\ meu these rapid changes in 
our lives and in the lives i>f our children. 

In 1^72. the Walla Walla, Washington Board of 
Iniucation established a committee of three students, 
seven patents, three teachers, and live administrators to 
develop a series of goals for improving the edurutional 
process at the local level. The committee made six 
recommendations: (2| 

1. To seek more comnuiniiy (especially parent) 
involvement in the educational programs of tiic 
school district, that is, curriculum planning, 
instruction, conferences, extracurricular activ- 
ities, volunteer programs, and public relations. 

2. To piomote an increased community awareness 
in the prt^grams in the local district with 
particular emphasis on career awareness, iniei- 
personal relationship skills and attitudes, lei- 
sure time activities, and the role n( studetits 
and parents in the important family tmif. 

.V To promote programs neeessarv for the devel- 
i^^ntent of positive attitiules and skills 
employed in eflective interpersonal and group 
ciHunumications. 

4. To promote a continual examination ot the 
learning pnuvss with paiiK'ulai emphasis on 
the ftdlowing: 
a. how individuals learn. 
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h. leached ^sUutoitt iviaiiuiisliips (ilw iuiiUHt* 

aiuv of citipath\ K 
V. avtivUy loauuii^ vvtsus a study tM' liaji* 

nioiiloil lacts, 

o\aiiHHtiig (tie piesoHt i^iailiH^ ami ivpoit* 
iiig ptuvoss at Uio scvHiulaiy lowK 
^. To pioitioto piofiiains that place a siioiiji 
coiitinuoiiN emphasis vmi tcachii))^ stuilcMls how 
io cstahhsh succosst'ul hie ivIalUinshtpN in the 
ptosent aiul I'utuio. 
0. To puMiuUo the luiinatioii ol a distitet^wUie 
cunicuhnn avtvisoiv eoinituitee open to anyone 
whtt all ilispiax' a ^entitne positive iitteivst in 
the sttivteitts aiul insttuctional piiigiams in the 
vhstrtct. 

Do oin pieseni science education olleinigs aitenipi to 
tuUiil the neeJs eNpressed in these six lecoinmenda- 
tions? 

AIIhmi liae/, tliainnan ol .uc AAAS (oininission 
on Science I diicatioii. stales that n)ost ot oui piesshig 
prM|ilo!ns can ho put undei tlie heading of the tour l*'s: 
populalio!!. poliuiioiK poverty » and the puisuit ol' peace. 
In addition* lie also propt^ses loui ('\ as educaiionai 
jsuidchnes loi ilie 7l)\ thai will enahie us to civale a 
new jieneration ol' people wiio will understand the 
power, the responsibilities, and the liniiiath^ns ol' sci- 
ence, riiey are: curiosity, creativity, competence, and 
compassion. (*uriosity refers to the spirit of* iiuiuiry tiiat 
characien/cs the approach of a scientist. Creativity 
refers to ihe spirit of* chanj»e liirougii creative desipn. 
t\Mnpetonce refers n» tiie utiii/ation ofoiieN knowledge 
and skills to succcssfuhy complete a task. And lastjnit 
most intptMtant. compassion, to insure that science is 
wi:;ely usej lor the betterment of lumianity. |3l "We 
will need pioneers who are aheady endowed with the 
four C's to invent ways o\ injecting them into the 
education i»f tlie future. ''(4] As science educators, are 
we read> to accept the challenges expressed by the four 
("s? Have ihe NSI'-geiierated science programs failed to 
meet tlie needs expressed by the four C's? Have the 
science teachers and educators of the past f*ailed to meet 
these needs'* 

In SdcfU'i\ Don Phillips states that, '\science educa- 
lioi;. indeed all education, must deveU»p in the students 
both an awareness of the difTiculties f*acing our society 
and the capability to contribute toward their solution. A 
curriculum attempting to accomplish these ends nrust be 
nuilti-disciplinary and must concentrate on developing 
problenvsolving capabilities.'' He further .states, and this 
is a ver> important point: *'the broadening of the skills 
required ol scientists suggests an additional challenge: 
the separation of scientists and non-scientists in the 
classnn^in at the very least must be dehiyed until later in 
the educatit)nal process than the middle or secondary 
grades and at ihe very best must be based on different 
or additional criteria othei than high IQ\, high standard- 
i/ed lesi seoies, and biuh grade point averages/'(5| 
l*hus» children need to hMrii at an early age that a 
scieniist IN not always the man in the lon^: while ofui 
working with test tubes in the l(ih()raf()ty.\(^\ Tliat 
chemistry and physics are not just for college bound 
stnd?ni>^. That s:ieneo is history: science is art: science is 
music; science is inalhemalics; science is reading; ami 
dial science is for everyone. Most importantly: science is 
designed to help potjple learn to think through problem- 
solving sillMtloils. 



Will sclenco vHlucailon piourants he uhte to lenpond 
tt) our nivds in tiie (Vnuiry? Arc the goals tusi 
Htaied any itiovc noble or do ihey differ Hignillcantly 
tioni ihe itoaU ntaled ten years ajio by the NS*l*A 
huuklel. Thii^Kv /«/o Acthm- What chuitges can we 
make u% meet \m tuuue science eUucatiou needs? Will 
tonunrow ever come? 

IVrliaps the wonderlul wvnds of the (>0*s and 70*s 
will finally he httplentenied. teaching by iiu|uiry. help* 
ing children it) become decision makers and thinkers 
must he practiced; not preached! 

KMhaps the line esamples set by our elementary 
science piograms such as SCtS aiul I'SS will spread io 
middle and secondary schools and to tlie colleges and 
universities. Tlte eletnenlary science pittgrants aUow for 
integration with other subjects, learning centers individ* 
uali/.ation. and mo.st important, can be used by ail 
children regardless of IQ. reading ability, sex, or age. 
Most of our secondary science programs are still 
designed for a minority of students and concerned witlt 
the artificial labeling of topics: bioh>gy. cheml.stry, or 
physics. When will we have a chemistry or physics high 
school coui.se I'oi all children, not just the 2U percent 
going to eidlege or designated as **sciencednterested?'' 
Science teaching must result in .scientifically literate 
citi/.ens. To date we have failed to reach this goal, 

Oiu' efforts to improve .science education metluuls 
ct>urses have been meager to .say the least. !h>w much 
longer can we afford t*^ have a preservice teacher 
graduate from a science inediods coui.se .so that he can 
be trained to use a new science program in an in.seivice 
course? Tlie primary weak link in a .science teacher's 
education is his science methods cour.se. Many inservice 
teachers evaluate their methods courses as worthless! jvS| , 

lire education of the .science educator mu.si be 
modilled to meet the goals and needs of the 2 1st 
Century. We will require outstanding science educator 
teachers in the tiiture. not just publishers or researchers. 
i)octoral programs in science education .should place 
equal emphasis upon the development of the per.son as a 
competent teacher as many now place upon his develop- 
ment as a researcher or publisher. 
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SESSION E 

NEW DIMENSIONS FOR A 
PROFESSIONAL SEQUENCE 

Patricia \\ BIosnou Assistant Piot'ossui ol* Science 
I'ducatioiu The Ohio State University, Cuknubus 

hi this session, presented hy the inenibers of the 
AI TS Coinniittee on tiuideUnes lor the Professional 
Sequence, an iHVrvievv o!' the \^H\7 (Juidehnes was 
presiMited Tor reaction., and Ciunnients. The major 
questuMi was: ShiUild these tiuidehnes be changed to 
icllcct changes in preparinjj preservice teachers? 

One of the emphases with which teacher educators, 
in science and other fields, have to deal is ''perfor.- 
mance»based certification'' or 'Vompetency-based 
teacher education." Definitions of these terms vary from 
meaning ordv that criteria for certification be nude 
explicit to very detailed lists of skills and cumpeiencie^ 
iiulividuals must learn to exhibit » Is this concern for 
pieparinti ''ciunpetenl'' teachers a lasting one? Or, w^l it 
ji)in the ciho curriculum, the nongraded classroom, the 
middle sclun^L and open cla.ssruoms as another educa- 
tional innovaiinn with which people have been preoccu- 
pied for a time and which then decreases in lonc^Mti? 

If the real purpose of stressing teacher ompe- 
tencies is that of inakm^ teachers more effective, making 
ihein belter able to help their students learn, then 
teacher educators need to be concerned with this 
terminal skill of being able to help learners. Science 
educators shiuiki guard against becoming so preocci-nied 
with iransiiiimal skills that they ignore this trniinal 
skill. Thoy need also to guard against stressing mily 
those transitional skills whicli can easily be measured. 

If the science educatimi connnuniiy wishes to have 
Sinne new written guidelines tor the professional se- 
quence, the members of this cinnmunitv need to devote 
time to Kmg-range plaiming as well as i< gearing up to 
meet the demands i>f state certification agencies and 
teacliei organi/aiiiUKs, 

SESSION F 

DOCTORAL GUIDELINES IN ' CIENCE EDUCATION 

TEACHER CENTERS: VEHICLES FOR CHANGE IN 
SCIENCE TEACHING 

Davki IV Butts. PnWessiu of .Science liducation. 
Science I ducation Center, The University of Texas, 
Austin 

Teaching is a lonely task. Although a teacher is 
surrounded witli many other adults and students, the 
teacher is often isolated from opportunities to share 
with others the task of thinking about his major 



responslhlllly. TIds respuiislbllMy Is to the students who 
are dependent on iiim for development of iheir aca* 
detnic ability; awareness of the challenges in the en- 
viriMitneni around tlienu aesthetic expressions that can 
tlow from tlietu; and attitudes and values about them* 
selves and otiiers with whom they must live dailv* 
I'ullUling these demanding responsibilities takes imist of 
a teacher^s thinking and daily efforL Hut lonelv as the 
task Is, It is not completely unUtiie oilier teachers 
continiHiusly face similar isolations. What is tieeded 
are ways to permit teachers to come into contact with 
other teachers who faiv or have faced similar problems 
and u\ exchange professU>ital ideas. The lonely isolated 
teacher needs time and opportunity to '*look over the 
slu)ulder'* o\ others, 

(\mlimiing education implies that there be a con- 
tinuous stream ol' input available for leachers. and 
experience indicates that this input will be most useful 
when It is relevant to the teachers* needs. Continuing 
education also recognizes that completion of require- 
ments for certification does not represent total com- 
pletion of the need to learn. An engineer's preparation is 
expected to need complete renewal every live years, A 
paint job on the outside of a house is expected to need 
renewid every seven years, What are logical expectations 
for teacher's preparath)n or professional renewal? 

Teacher centers are one vehicle which can fa- 
cilitate the renewal of a teacherN professional compe- 
tence. This renewal requires concern about the amount 
of input to be provided for the teacher, the substance of 
that input, and the resources available for that input. 

Comimmly education of science teachers has been 
continued through institute programs in which the 
teacher returned to a college campus for additional 
training. Participation may have been encouraged by 
requirements for advanced degrees or stipends from 
foundation support, leedback from teachers suggests 
that the **return-to-college-campus'' strategy usually re- 
sulted in a greater amount of knowtedge than they 
could assimilate in the time provided. The substance of 
the input was usually very relevant to the researcher- 
professor who gave it, but many times quite unrelated 
to the reality of the teacher's responsibilities. I'requenily 
the resources for providing the input were peo{>le whose 
sincerity was matched equally by their lack of awareness 
of the real world of teachers. Clearly, an alternative to 
college institutes is needed. 

A second strategy for teacher renewal has been 
inservice in continuing education programs within the 
school building or district. Here teachers have many 
opportunities to shaie with other leachers who work 
with similar children and responsibiliiios. Thus the 
amount of the input is usually quite desirable. The 
substance of the input, however, is many times that of 
consensus or biU)t-strap lifting. The resources available 
for the input vary widely. It seems to depend on the 
priority teacher renewal has in the reference frame of 
the school administrators or decision makers rather than 
in the needs teachers liave. Teacher renewal based on 
political expendiency may help, but it usually lacks the 
depth and direction which teachers state they need. 

A third strategy for continuing education of 
teachers is a teacher center. While examples of teacher 
centers can be found in both England and America, 
their origin, operation and target pnpulations have 
distinct contrasts. As illustrated by the teacher centers 
in Texas, such as those at the University of Houstmu 
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WiSt Tc!«:w Statv*. m\ TliO Univorsiiy Toxan at t?t 
l*;tso. a UmcIkm cimMci is usually cliaructeri/od by a 
group ot UcvlicaUnl college staff working with uiuler* 
jiiailuato or piospootiVi' classrouiu IcachtMs in a Held 
Iwd CiHupctcucy •based leacbtM odticalii^ii program. 

hi cotitraHt, teacher comers in i^Jidand (04., 
SouilianiptiUi and Plynuiutli) are basically a noh- 
unlveisiiy based gioup i>f* leacliers working with quite 
autonomous scliool heads involving about H5 perceiit 
experienced teachers in cooperative efTorts ot* setting 
aims, goals, and curriculum utternatives that will tit their 
own needs. 

The contrast or similarities of linglish teacher 
renieis and their iiu>re recent AMierican counterpart* can 
Ih' ot^served in comparing the organization, the people, 
and the program of the two kinds of centers. A 
connnon element is tlieir develooinent to help Ci)pe with 
tlie isi)lation of lonely educators the classroom teacher, 

iMiglish teacher centers are U)cated in a non* 
imivcrsily setting. In effect, ihoy are on neutral lurf 
neither univeisity nor public '^hool They focus theh 
efforis on what teachers perceive as relevant so that 
througli the conler\ operation, the piofessionahsm of 
teadier^ can be both nuiturec! and encouraged. The 
parity of the teacher's input and the centerN program is 
obvious. The center lias no program other than that 
delineated by the participating teachers* perception of 
tlKMr needs.' A significani aspect o\' r.nghsh teacher 
centers is the readiness of the institution for change. 
The impetus or stinmlus which caused their establish- 
ment in many locations is a response to the dramatic 
rcngani/ation ot I'.nglish schools from the Primary. 
.luni'U, (Irammar or Comprehensive schools to the new 
orjiam/ation ol IMrst, Middle, and Secondary schools 
induding mandatory attendance diange from age fifteen 
to age sixteejK Local school authorities or districts and 
their leadiers were f.ited Willi a massive reorganization 
of sdun^ls. Thiough the teacher center. diah)gue es- 
sential to this transition has been both necessary and 
useful, rims, the main thrust of linglish teacher centers 
IS ti» assisi in dennint» new goals and programs to fit a 
new school organi/atiiMi. 

By ctMitrasl. tlie teacher centers in Texas are 
usually tomui either on a university campus or near 
LMunigh \o be adequately financed and controlled by 
funds administered b> the college. While the input from 
public school teachers is periodically sampled in some 
cemers, usually the importance of experienced teadiers 
is minimal. R.irclv do experienced teachers perceive the 
teadior center as a place or source ti>r their personal 
CiHUnbutiiui o\ benefit. The readiness ol the sponsorinj: 
ii^slitutron varies. Most current teacher centers are the 
response of serimrs and committed college laciiUy io the 
laiurremcnts tiu a cornpetency-hased teacher education 
powain le.idmjt* t«> evenru.il competency-based certifi- 
catrnn. Thus, the main tocus of Texas teacher centers is 
on teacher edu*.-atii)n prourams as they are applicable to 
phJNpective readier preparatron. Aecouiitalulity for the 
peitoiinaiKe d! the eraihiates ol an urulervraduate 
icaduM education pi^^rarn may well be a significaiu 
shapme Itua* in the readiness \)\ ci>lleues to duinge. 
PreM-ni evuleruv suuuests that this aco>untabrlrtv has luM 
oxiemlcd III sudi a way t»> meamnjifnlK involve puhlrc 
schools. Ihus. ihe Incus ol rhe teaelrer center is quite 
sepjiale litMii public school eonceriis. It the or^aiii- 



National setting and stutT is an tmporiaut to tlia xuecoiit 
ol* a teacher center as the exjvrlences in both lingland 
and Texas Indicate* is it pi>ssibte loi the diverse 
sehiKiblKised and university«baHed centers 10 be merged 
into a single lunctioaiug utiit? 

In an linglish teadier center, a full time staff 
manages the variety of center activities. This staff may 
inchide a variety of part-time advisors who theniselves 
are viewed as curriculum development leaders rather 
than inspectors or supervisors. University faeullyN direct 
involvement in center programs is not common. The 
success of an individual center clearly is dependent on 
the vision and ability of its staff. The participants in 
center activities are mainly experienced teachers. Quite 
h)gically the people in the center view educatitmal 
questions or concerns from an experienced teacherN 
frame of reference. (Mosely related to the participation 
in the center is the teacherN o|KMiness to ideas. In the 
successtui centers, teachers come and actively participate 
l)ccause they perceive the program of the center to be 
relevant to their needs. 

Texan teadier centers have substantial university 
faculty pavtidpation. They rarely have a full-time staff 
unless they are temporarily operating on externally 
lunded grants. As in the linglish centers, success of any 
teacher center is dependent on its participants both 
staff and teadiers. Successful centers are characterized 
by staff and students who invest many nuue hours and 
energy in the task than is observable in nu)rc traditional 
programs. This personal and professional commitment is 
a substantial source of the center's success. In most 
Texan cemeis, tlv: focus is on preservice teacher 
education as most of the participants are prospective 
teachers. Since prospective teachers are not yet asking 
many questions for which a center is a place to develop 
answers parity of the participants is quite a different 
problem than for linglish centers. This openness of 
prospective teachers for new ideas is quite a different 
order of priority since they are usually participating at 
their point of entry into the teaching profession rather 
tlian from a base of experience and insight into 
problems for which they de: ire help. 

If the participants in a tea'-her center are to have 
parity in their control of the direction of the services of 
the teacher center, is it possible to build a bridge 
between the widely separated concerns of experienced 
and prospective teachers si* that the center can serve 
both groups in a meaningful way? 

A variety of operations or local points characterize 
the projiram'of an l iijilish teacher center. The Wkws is 
on real problems as cxfycnnnvJ by the participating 
teachers. The dynamics 01* the prouiam are encased in 
teachers* sharing and redesigninj: of problems they have 
experienced. Thus in many centers the mam thrust of 
the center is seiving as a forum loi curriculum de- 
velopment. In some situations the school heads are firsr 
invi^lved in establishinj: appropriate goals wliich their 
tcadieis use to deveKM^ curricirlum. 

riie program of leacher centers in I'exas rs usually 
ilevoied to competoncv-based teadier education. The 
locus ol such a pn^gram iiecessaril> is 011 spccilvmg the 
ana\ id cornpetencres desired and devdopmjj alternative 
nu)diilar .ipproaches lo enable prospecliw teachers ti> 



acquire th«te cuinnetencieis, U^caiiio ttid target pi)p- 
ulaiion ts primarily nriwpectlvo teachers, a heavy 
emphasis on tletd-hased experiences is essential. Tite 
goals ot the variety ot activities in the Texan center are 
usuatiy established by the imiversity faculty responsible 
lor the prospective teaclier*s performance. 

IXnernunitig the direction of u progran) is a 
siguilkant issue. Should tea ?her education goals ci)nie 
from teachers or university staftV (*an or should re- 
spiMisibilities be shared? Can or stunild there be comnu)n 
elonkMits in education for experienced and prospective 
teachers? 



SESSION J 

SI ATUS STUDY OF SCIENCE TEACHER EDUCATION 

THE PREPARATION OF HIGH SCHOOL SCIENCE 
TEACHERS 

Sidney Rosen. University of Illinois, Champaign- 
Urbana, Illinois 

Up until the last two decades of the nineteenth 
century, the nuixinunn preparation for any teacher in a 
secondary school in the United States was the possession 
of a diplonui from some colleae or university. For some 
states, notably New Fngland, this was a mininunn 
requirement, the pri)spcctus of the tlrst publicly '-.up- 
ported high scluu)l in the United States, the lin^Jisli 
Classical School in Boston, Massachusetts (1821), rem in 
part: *\ ,that it be required of the masters and usliers 
as a necessary qualitlcation that they shall havw been 
regularly educated at some university. '*(4l 

Normal schools essentially trained teachers lor the 
elementary schools. Such preparation usually involved 
one or two years beyond the high school. It was 
possible for a Normal school graduate to find a ' igh 
scliuol toacliing positioii, especially in the hinterlands, 
but tliis was the exception rather ilian the rule. Normal 
sclu>ol student bodies tended to be almost ciimplctely 
composed i>f females, while males dominated fhe 
secondary school scene. 

01 ciuirso, graduation from a college or university 
did not guarantee excellence in science toachmg (nor in 
an\ other area). In fact, good science teaching was not 
even guaranteed at the college level. Oiic is rennnded of 
the chemistry course offered at the fbrvard Medical 
School during the periled, 18274^), by ihe infanu)Us Dr. 
John Webster, where: 'Mfe gave the class two or three 
chemical lectures, which were brought to a sudden end 
b\ Ills show oxpcriment called the vnlcant) a large 
licap sugar and potassium chlorate piled on a sl;ih of 
siMpsti>ne. he had lighted it with a drop o\ 

sulfuric :icid, he saved himself by dodging out of the 
ri>o!iK and in a very few seconds all the members of his 
class found themselves obliged to jump out of the 
window/*! 2(> I 

The eiul of the century saw higher education 
ahcady hegiiming to be dominated by the concept ol 
(lie graduate ci>llege and the 'Npecialist," imported from 
Ciermariy. All academic fields of study were ruled by tiie 
speci,ilist who, in the words of Arthur Maier ,Schlesingei . 
*\vedded a skeleton bride, whose osseous kisses and 
ratthng embrace rewarded him with an ecstasy beyond 
!lclcn\/*|2H| Wit'n the ability lo \]u\\o\ in a scicnt.ric 



ilotdi insicacl of having iUst i taste of wi«nc0 w a tiny 
part of the traditional elussicui eurricuhnn, thiise college 
graduates who sought secondary school teaching posi* 
tions could now come to the high schools not Just as 
•ncuchers " hut as **physlclsts" and *Vhentlsts," 

During the. years following the War Between the 
States, there begun to be a tendency to change the higli 
schiiol from its elitist positiim In the edueatiotml 
hierarchy; secondary education began to be seen ntorc as 
a necessity for the preparation of the informed citi/en 
rather than as the stepping stone ti> higlier education. 
Educators began to propose that the higli school be 
freed from slavishness to the colleges and universities. 
One tlnds, for example, a Maine educator proctainUng hi 
1868; ''If our colleagues persist in adhering to the 
ancient curriculum in ignoring demand of the age 
for practical education, let them suffer the conse* 
quences, but we protest against the sacrifice of our High 
,Seirools to the insatiable demands of the Colleges for 
Greek and Utin, The High ScIuk)! should be the grand 
temple of the common school system, not the vestibule 
of acoHcge,^*[l61 

The exhibition of products from manual training 
classes in Huropean secondary schools to the public at 
the Centeimial txposithvn of 1876 in Philadelphia 
sparked a desire to make the high school a vocational 
training school, where the student would be prepared 
for *iife** rather than for higher education. Such an 
attitude was supported through the last three decades of 
the nineteenth century and into the twentieth by the 
flood of immigrants from Hurope to the United States. 
The children of these newcomers became pupils in tl\e 
public sciuH)ls, pupils of vastly varying backgri)unds and 
abilities; this was democracy with a vengeance. In order 
to teacli such children, the high school and the liiuh 
school teacher attuned to traditional academic niceties 
no longer served. One teacher in IWS saw her stu fe h,s 
as: *\ . ,the girl wh*)se mother camu)t read or write in 
any language; foreigners who never hear intelligible 
Hnglish at home; tiic stunted little fellow who carries 
telegrams till midnight; the sleepy boy win) was up at 
half past four and driving a milk wagon. . ,the boy 
whose father brings home every night a *yellow journal;' 
tlie boy who does not own a single good book, . .our 
pupils have lU) inheritance of culture; nor, indeed, does 
tlieir future promise more than their past. . X)ur pupils 
at graduation leave behind the world of study. They are 
now to deal, not with books, except with account 
books, but with i\uichines, with customers, with kitchen 
furniture, Taney work, and chafing dishes. These con- 
ditions the teachers in an l*nglish high scliool ac- 
cept. . .'"(2 1 1 

So, begiiming with the Inst established chair of 
education at the Ihiiversiiy of Iowa in 1K7.^, tlier'.* 
bcjian to be a demand lor additional training foi high 
scluu)l teachers; that is, a demand for the additii)it io 
traditional subject matter courses in the curriculum of 
courses that dealt with tlie **art of teaching." Many 
Normal schools extended their two-year curricula t*) four 
and became 'Teachers (\)lleges" that offered the 
Baccalaurate degree. Liberal arts colleges added "teacher 
educatioir* programs, so that as much as one-fourth ol' 
the itistruction could be taken as formal work in ihe 
field ol' education. It was a time when education itself 
began to be called a *Ncience."l 14j 

While members ol liberal ar»N faculties seemed 
willing to cooperate with such agencies as the Noiili 
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Centra! Assuclatiiiii ot* rulie}t<?H and Scvaitdary Sellouts 
ami the tVinnuiitee on CoHogc lintrance Uei)utivHtenis, 
IHolessoiN in ^iMieial tiMutcd to took down tiioit mm at 
w4»IK\igucs wlui lautiltt ciunscs in ediicationiil i^Hyctioi* 
tig>\ educaliitnat adniinisttattiMU and ntcthods ot le:uli« 
tHi(. This CinoouMn was tuithci led by the oaiiy 
udmiNSion ot t'enialo piotesnois iw the education la* 
euities. An exanipie or this sign or male chauvinism can 
be luund in ttie doiails of Uie liso of leaeheis Colle^je at 
Cohunbia thiivoisity: '\ . .hi addttii*ni there was the 
hostile attitude o\ some nuMnbcrs of tlio l^mversity 
tacuhy Usvit' ti»vvard alt couises on ^'ducation, and 
tiuvard the prosotice of women in higher education. 
Outward manitestattoiis of this animosity were evt« 
deticod h> the ci^nsistent detcat of any ntoasuro ad« 
located h\ IX\m Rus^ell (ol IVachoii ('ollotic) in tlu* 
University (\nmcil. by hostility to the appointment of a 
'tutrmal schooP man (i>avUi i^ SnUth) to u piofcssor* 
ship, b\ the public warning to IHesidont Uutlct tiiat ttie 
leputation o» iho University w» uKl be jeopardi/ed by 
turihor coddhii}! o\ this parvenu institution, and by the 
dubbinj! *)| I :()th Street as liairpin alley\"| I5| 

Such animosity still persists in liiglter education in 
this aMunry. IWloic he became president ol' Harvard 
I University in James Bryant Ouumt t'oimd tliat: 

.early in my i*areer as a professor of cliemistry, 1 
iH'came aware of the liostihtx of tlte members of my 
professiiui to schools or faculties of education. I shared 
tile views of tlie majm'ity of my colleagues on the 
faculty of arts and sciefices that there was no excuse \\n 
the existence of people who sought teach otheis how 
\o teach. 1 felt conttdent that I w is an *.*\cellent teacher 
and I had developed my skill by experience, without 
beneftt of piofessors of education 1 saw no reason why 
others could not di> likewise, including those who 
graduated from college with honors in chemistry and 
wished to teach in high scliool. As a joint author, with 
my fiuiner chemist r\ teacher^ of a high school chemistry 
iexibiu>k, I was quite certain I knew all about the way 
the subject should be presented: I doubted that my 
understanding was shared by any professors of educa- 
tion. When any issue involving benetlts U) the graduate 
schiud of education came before the faculty of arts and 
sciences, I automatically voted with those who looked 
with contempt upon the sc!iool of educatii)n/'| i 1 1 hi 
tlie mid-h^.UVs, an innovative program for the prep- 
aration of high school teachers* the Master of Arts in 
Teaching IVograiiK was accepted at Harvard by both 
faculties with some initial reluctance; however, it was 
no* until after W^ild War 11 that this fifth-year program 
begui ti^ tlourish under tlie leadeiship of Dean I'rank 
Keppe! of the (traduale School o\' I'diication, 

Liberal aris faculties. lhen» tended to ignore the rise 
of teachers colleges and educatiiMi cidlegesal the same lime 
tliat these ''Jt»hiiny-come-late!ys'' on the scene of higher 
education were exerting inme and more inlluence on the 
comers of power wheie public education was comrolled. 
rius intluence made itself fell in the increase of slate 
lav's passed slatinu the i|Ualificalions necessary for the 
coriincatiim ot teachers, liy !*)! 1 , approximately Ihirty- 
l\uir stales revpiireu seekers o\' lugfi school teaching 
certilljation to lu^ld a diploma from an accredited 
ct>llege iM university, (f>| Many also required the ap- 
plicant to Like examinations, either written or oral» or 
both, m liberal ails subiect matiei areas, as well as in 
.iieas of pjolessional education. California, one of the 
leading states m the explicatimi of ceriilicaliDn re- 



i)UlreinentH. used the Htate univeri^ity \\% a standard; ttiat 
is« the pri)s|Hvtivo teacher liad to Imve a backgriniiui of 
etglit years t»f seciindury and higher edttcaMon* phis one 
year of graduate study (which could consist of a 
liulf*year of advanced stitdv in a special field and a 
hait*year at a '*NVelkH|Uipped training school directed by 
ttie I)et>artinent of hducatiim.'*|6) The alternative to 
these lequiremenis was twenty numihs of esperieiice as 
a regular teacher or princinal 'Villi decided success'' in 
any reinitable secondary scnooh|7| 

Wiiite Ttiorndike. in iiis W) study tor tlio Bureau 
4)1 liducation. found that not more than 55 percent of 
tlie high school teachers in the country '\m 
adeifuate |)edagogical training:'' the availability iif such 
training was increasing, Courses spcciileally geared 
toward the training of secondary scliooI teacliers 
api^eared at the loHowing universities durhig the latter 
part of the nineteenth century: Mictiigan Itniveisity 
(IH7*>), Johns Hopkins University (graduate Wink onlv, 
IMHI), (\>rnell University (IHH(>), Ohio University. 
Athens (I8H(>). (\>lunibia University Teachers College 
<I888K Northwestern University (IHHHK Clark Uni* 
versity (graduate work only, IHH^)). New York Univer- 
sity (IHOO). and the University of Illinois (Urbuna. 
18^H)1|S| 

•|i the Committee of Seventeen (of th^^ 

National l*ducation Association) released their historical 
Hvfum OH tfw Projvssiiml tWparatuni oj liigh Svhoot 
Tawhvn. Hrietly, this Keport urged that all such 
teachers follow tlie traditional specialized curriculum of 
the undergraduate college in the fields they expected to 
teach. In addition, there ought to lie some dipping ^nU) 
other fields of knowledge for "svniie insighC* and *Mo 
avtud the dangers of overspeciali/ation/' Teachers ought 
to ha^v one or more subjects from the s(»cial sciences, 
alon{? with a course in general psychology, and at least 
one from the area of philosophy , ethics, and logic "fur the 
proper outlook upon education as the development of the 
individual. 

Hut 'his was not alK The Convnittee also recom- 
mended t*edagogical studies that ir:luded educativnial 
psychuK-gy, lii."»tory of education, principles of educa- 
tion, ^pecial methods in subjects be taught, the 
management and organization of scliools« and school 
hygieae. b'inally, it was recommended that there be 
made avaHahle the opportunity for the prospective 
teacher to t>hserve experienced ieachers working in the 
classtoom and tv) do a certain amount of practice 
teaching theti^*.. Ives. It was suggested that university 
miglit arrange the latter by affiliating itself with nearby 
schools, V .*vcn by creating and maintaining its own 
secondary sciaud. Such a complex and miensivt training 
program would be best acconiplislicd in lour under- 
graduate years and one graduate year 

The Roppri of the (\)inniitteo had a considerable 
impact not only upon existing teachei tiaining institu- 
tions, but also on those to come. In fa^t, s^ itli only a 
few variations i»ver the years, the average state re- 
quiiements for certification are based essentully upon 
such in educational backgnumd. In most »:ases, the 
graduate year is voluntary rather than required. 

(Vitics of educalii>n courses have abounded since 
the M>07 Report, one example is a boi)k that became a 
popular **besl seller/* Kducatu ml Wa\hhmds, bv Aitliur 
Beslor, a history professor ( l*>5.^) and was C'Misideri\i 
*n many lo be the apogee of all attacks upon 
Vdiicaiimii:.! Ton years after the puhliuition o*' 
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-1ii?Hiiir*H book. <iina«t, alter u wldcranglug «iudy ul 
fcawhci CitucatiiMi iii ilio I'tutoit States, conchukni that: 
'\ . J*h\h*ssor\ oi i\Umntim Uuw noi yet iiisammi «>f 
amrj ummum hthiy i>/'Amni7iv/>f<* that thvy all 

firt stiouU he heU hv school teUihers hvforc thv 
stuilvtit takes his titst fidltime fok Tu |tut it another 
uay, I have lUi reanoh to believe that Ktadents who have 
coinptetCil the sei|ueiice ut courses in education in one 
ci^llepe ot uiitversitv have considered tlie same, or even a 
sinular. set of tacis or principles as their conieinnoraries 
in another institution even In the same state/'|l2) In 
tact, (\uiant concluded, the one worthwhile element in 
protesstonal educathm was prattuv tmehmg. He sug* 
uested that colleges and universities adopt the concept 
i»f the *Vhnical" professor in medical schools by 
appinntlnu an experienced teacher as a 'TrvMessor oV 
Teaching '* 

It must be admitted, however, that lA' Jatto, the 
problems of mass education in tite United States were 
tackled t!U)st realistiwally b\ the professor of education 
rather than by the liberal arts professor. It was the 
influence M the 'Educationists*' tiiat gave final sha|>e u^ 
the regulation ot final education by local and state 
certors of pi>wer; it was also ilieir influence that shaped 
th picture of the typical high school teacher in the public 
mind. As (*onant pointed out. liberal arts professors, in 
general ''turned their backs upon tlie problem of mass 
secondary education and e>ed with envy (ireat Britain 
and the Continent, where such problenu did ni)t 
exist;' I KM 

One would somehow expect that the fantastic rate 
of change in technology that has occurred during the 
past four decades would have effected a similar rate of 
change in tne preparation of science teachers for 
secondary schools. Or, if not the rate of c! :mge in 
technological innovation, the innovative breaktlnoughs 
in scientific conceptualization. And what of the effect 
of the tremendous national and international upheavals 
on the economic, sociological and political scene*^ And 
flow about tfic impact of the new science courses whose 
rubrics parallel those of the New IX*al: PSSC. CBA. 
CMliMS, BSCS. \m\ etc.? 

It seems somewhat disheartening to find that liberal 
arts faculties are still being accused of a lack of 
responsibility for the education of higli school teacli- 
ers »uid that "education faculties in colleges and 
universities tend, by and large, to maintain the status 
quo rather than to change ii.**|I^)| Meanwfiile, ilie U.S. 
Office of Education still finds it necessary to fund a 
Study Commission on the Undergraduate hducation of 
Teacliers (based at the University of Nebraska): Pro- 
fessiu Harrv Broudy, a prominent educational philos 
pher, finds it ncwossary io qu*'stion the preparing of 
science icachers by the same undergraduate curriculum 
used to prepare rosearcli scientists (1|; and Professor 
James Raths of the Bureau of I'ducalional Research and 
iMcid Services at the University of Maryland <now -it uie 
University of Illinois) finds ii necessary to question the 
validity o\ much of tlje research being carried out in 
science education. (25 1 So. one is tempted to inquire: 
what went on du*ing tlie past four decades in the area 
of science teacher preparation? Wliat research was 

IS intcrcNiinn lu note that Tor evvr> pa|>er published 
cuncormnj? the propardtiun ni scicruo tcichers. there seen» to be 
t.ir more p.i|HT\ v»wKer»»ed uith science eurtjcula and leaching: 
niethiHls. tine wnndcr^ what ratio a count would show. 



varriv^d uul wunct^riihtg the itatus tif tUi art and wt^ol. 
whanit<ts occurred in the an iiseitV 

The fact is that there were certain pre- and post- 
Sputnik pubtieatiiUiH in science education that had the 
pUMUise iif heinti waterslieds in the Held, that cimtained 
within them the y.vds of necessary cha'^ue supported hy 
reliable data (4)r the lack of it) and reasotiable argu* 
ments. Half a do/en or more of ttie tni)ie prominent 
4^nes can be ticked off in clnxMudugical sequence A 
Phifitam /or Teachhi)! Siwuv (NSSM 31st Yearboiik). 
h)32; The hiheathn of the SeUwe yVm/ny ( Report 4>f 
the Subcommittee on Teacher llducation of the National 
Committee ow Science Teachinph MM I; Critical Years 
AheaJ in Seienee Teaehitift (Harvard Universit> ), l*>53; 
"Cinnse Reuuirements for l utur«» Science Teachers" 
(Watson in Seientifie Motithiyh I ^7: Otmvt Ornvm 
atui Issues in Seietiee i\iiHeatitm (AlilS (\mventioti 
Report), PMiU: RethinkinK Seienei ydmation (NS,^'1\ 
5^Mh ^'earbook). I^HiU; "l)nresol ;d Issues in (Vrtain 
l lelds for Irivesti{jation in Science" (Coordinating (*om* 
mittee of NAKST and Office of liducation Science 
Specialists). I^M>1; ihtiiielitws for Preparatitm i^ro}!ram 
«*/ Teavkers of SeamJary School Scietice and Stathe* 
matics (Teach Preparation Certification Study . 
National Association of State Directors of Teacher 
l*du-:ation aitd Certification and the American Associa* 
lion for the Advancement of Science). 1%!; 77^' 
Research opi Sciemv hducatitm Survey (Ilarvinvl Gradu- 
ate School of Education). 1%8,> 

liach of the documents listed takes a look at the 
preparation of high school science teachers and finds it 
wanting; each makes suggestions tor improvement or 
change. The traditional goals of science teaching are 
stated and restated. Broudy has summed them up most 
succinctly: '*\Vhat does the traditional science program 
prtmiise? iMrst, as a part of general education, it 
promises a more precise, critical and fruitful way of 
thinking about the physical world. Science is regarded as 
essential to the armamentorium of a mind coping with a 
modern technological society. Second, the study of 
science is held to be one of the more profitable avenues 
to the world of work in a technological society 2 1 
And, Bruudy points out that all of this assumes the 
validity of transfer of training. (2) Such goals, then, 
ought to be best achieved in the classroom by the 
teacher whose preparation has moved him successfully 
through tfie typical specialized science curriculum in 
college, emerging with a major, for example, in physics 
and a minor in mathematics. In addition, of course, the 
teacher would need the necessary education courses for 
certification, and a few electives outside of his major 
and minor fields for ''broadening.*' 

There is the beginning of a change in the suggested 
background of science teachers in the l^Ml Repoit of 
the Subconnnittee on Science Teaclniig. This connnittee 
w-is headed by Samuel Powers of Teachers College and 
the Report was largely put together by R. Will Burnett 
of tlie University of Illinois in Urbana. Here, for the 
first time, one finds an awareness of the economic, 
sociological, and cultural efTects of j rapidly changing 
technology on the United Stales and its people, and an 
assessment of how this awareness ought to affect the 
preparation of the science teacher. The chapter headings 
tell the story; 'The Teacher as an Individual and a 
Citi/en.'* with such intriguing subtitles as "The Teach- 
er Should Understand Himself and Olliers** and "The 
Teacher shouKi Develop Satisfying Conceptions of the 



^/^^^^^^^ - i^^^^^^ TliHigi in iMr^' **Tiw Teacher ni a Vinm Willi 
PrtilWiwMicy in Funciiouul Areas of ScltMice" with 
suhto(^ics/ **Tlie PriibKnti ot SpeciuU/ation*' und "The 
Toaeher ^hiUitil Develop a Realistic Uniierstai)ding of 
Science ami Functional Knowledge ot Scientific Meth- 
od:" and finally* **The Renponsibility of Teachers* 
(\>ltegeH and Denurtmenis of bducatiooi'" which includes 
**The Place of ProfvssiiUial Education in Preparing the 
Science Teacher, Mie Science Teacher and the l\nn* 
nntnliv/\nul ^^Professional Orientatiini and Philosophy of 
Science Education;' 

The preface to the Repi^u, after a brief history of 
science education, states: Science teachers and 
science departnieius have been connnitted to the devel- 
opment and perpetuation of academic disciplines 
which, valuable as they are, have been separated from 
ilie actual processes of coinitnmity hie o! which they 
are essential elements. Driven by the demands of 
subjcci •matter accmnplishnieni and academically Im* 
posed standards which all ti) frequently- ignore the 
relationship of knowledge ii^ inielligent behaviiM, the 
teacher with scieiuitlc con>petence has been allocated to, 
and circumscribed by, classiooms. demonstrutinn halls, 
laboratories and curriculums, and too seldom catches 
glimpses of tlie forces and processes determining the 
communiiy's destiny. And furllier on: "The teach- 
er is firsf of all a person. To the extent that he Is 
intelligent, int\>rmed, si)cially conscious, and happily 
adjusted in his life and his views, he may l)ecinne an 
outstanding teacher. To tlie extent that he is poorly 
adjusted, poorly informed, misanthropic, and ciMifused 
in his personal views and his outiook on life, his 
teaching sutTers. This is true for all teachers, regardless 
of field. The science leaclier may consider liimself to be 
a specialist, but he should not lose sight of tlie fact that 
his basic work is to give instruction and that his primary 
function is to olTcr aid to individuals and society in 
meeting their problems successfully /*(24l 

Sixteen years elapsed and Sputnik 1 Hew in space 
before Watsolrs short paper, 'Tourse Requirements for 
Future Science Teachers," was published. In it, he asked 
why prospective science teachers needed to have many 
of the advanced science courses required of tlie major, 
courses thai were going to be useful primarily ti) those 
wlio wtuild be giung into industry, graduate study, and 
research. |.^0 1 He suggested teacher preparation curricula 
that did not provide a **good solid major** in a single 
science area; instead, the student would get "a smatter- 
ing of knowledge in many areas and not too much in 
any one.** The painful realities of public school teaching 
most i^ften required a "science'* teacher to teach courses 
in more than one area (often, uonsciencc areas: it look 
the ROSINS Report of hK>K to make that painfully 
clear). Watson also deplored the tack of backgnnind on 
the purl of tnosi science teachers in the history and 
pl!ih)si^phy of science. [30| Tlie strong belief in the 
necessity of sucii a background to provoke student 
motivaln^n led eventually to the erealion of Harvard 
Project Physics by Hollon, Ruthertbrd. and Watson. 

In most of the papers that discussed the best 
possible curncula tor the preparation of science teachers, 
there was still implicit the assumption that the good 
leuLher must work his way through \\k course reciuire- 
mcnts tor a H.jcheKu\ degrc* in vi.io major scientific 
flehl. The s^ ientifiv. and lechnologicai sophist .nation of 
numx *»f the projcLts ol science fair winners is considered 
by piofessional and layman alike to exemplity the 
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twiiiim 4if who handle the content i)f u I'^^Q 

particular science field witli comfort and ability • This 

kind of rating, nevertheless, simply replicates the way 

college professors are usually rated by students in higher 

level specialized courses: the good protessor ''knows his 

siuffr 

It became api>arenii for example* with the intnv 
duct ion of PSSr physlcsi (conceived in 1^)56) into 
American high schools that such a course could only be 
taught by teachers who "knew their stulT.*' Wnere were 
sucit teachers to be found? Not in the high schools of 
the United States, apparently; for once the course was 
ready, special traitiing setninars had to bfi established for 
physics teachers to learn the "stutF they had to know. 
In fact* the itnpact of the new science courses on 
teacher ))reparation curricula docs not seem to have 
been very great, In most cases, it consists of the 
provisioti of *Miand*Aid'* assistance it^ the form of special 
inservice and sumtner workshops and seminars, where 
teachers may acquire the specialized information needed 
to teach the particular course. 

It was the Harvard ROSliS Report, in the last 
analysis, that provided the evidence that was hard to 
swallow: that in the h>nR run. hi spite of the papers and 
reports that had been published, there was very little in 
the way of objective evidence concernitig the etYective* 
ness of* science teacher training programs. (17| By 1%H, 
many of the old problems remained unsolved: the gap 
between the science educators and the liberal arts 
people, and. worse, the acceptance of most traitiing 
prt)grams as acts of faith, with no attempt to have 
feedback or follow-up information for support of valid- 
ity. The ROSltS Report concluded: **the Chaos in the 
profession, . as probably one consequence of the inabil- 
ity of* science educators to confer about and agree upon 
the goals and structure of the teacher preparation 
program in the sciences.'*! 18j 

One has only to browse through the pages of the 
latest Handbook of Research on Teaching (1^>73) to 
discover that there is still a lack of replicable, experi- 
mental data that can be used to construct a valid, 
general definition of the **good'' teacher, or, for that 
matter, of what constitutes "good" teaching. One finds 
ClitTord writing that ^'prevailing styles of teacher prepa- 
ration have not adequately introduced prospective teach- 
ers to accumulated research, spelled out enough of its 
implications, nor developed attitudes favorable to inser- 
vice interest in applied research. The pervasive culture of 
teacher training is one of, in Mencken's term, 'empty 
technic' of vapid methods textbooks, a disinterested 
educational psychology, of a 'survival-training' mentality 
among its participants/'! 10 j These are harsh accusa- 
tions, indeed. McNeil and Popham, in their assessment 
of teacher competence, conclude: "Teacher educators 
err when lliey promote teaching skills that arc approxi- 
mately consistent with scientific conclusions as if these 
skills were certain, confirmed answers about how a 
teacher should proceed t(^ effect desirable consequences 
in learners. Instead, such skills should be regarded 
as hypotheses to be tested.** |20) 

Perhaps the above causes one to approach the latest 
intluence on teacher training progratns. Performance 
B.ised Teacher hducatiim. with a bit of caution. A 
consequence of behaviorist psychology. PBTl' has be- 
come fashionable. PBTl' springs from a fairly recent 
cimcern with accountability in education and essentially 
has to do with working out a list skills and 
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coiniHMencics tluit tcactierH ou^H to \\m and to ho 
;iblc to dispLiy hi (he classroom. Such skills can then he 
liuulc ;in integral part of the teacher preparation curric^ 
uluin; what is more, a checker can sit in a classroom and 
tick Items olT the list as tlie teacher in observed at work. 
The ditliciilties with IMiTt., especially when it assumes 
the dimeiisiotiH iit' a I'addisi bandwagon arc obvious, and 
one can only predict protracted warfare between the 
progianrs pioporients and detractors. 

What can be said, in conclusion, about the status of 
the preparation of secimdary school science teachers? In 
somewhat simplified terms, no one seems yet to have 
provided a siitisfactory answer to two vital questions: (a) 
what should a high school science teacher know? (b) 
what should a high school science teacher do with what 
he or she knows? 

Tlio general image of the ideal teacher as a kind of 
superman combiuaiion of scientific specialist -child 
psychologist -sociologist in tunc with the times, the 
community, and ilie student seems to exist only in 
published pajvrs. Tiom a realistic point of view, it 
seems quiie reasonable to guess that neiilier the compe- 
tence of the prospective teacher in a specific science 
area, nm* his getting an *'A'' in educational psycliology, 
nor the smattering of Inunanities ho may pick up along 
the way have very much to do with the ability to. if I 
may borrow a phrase from the 'Miow" generation, "turn 
students on to science.'* Who knows what factors have 
the highest correlation with student motivation? Rosen- 
shine and I'ursl have concluded that '\ . .It is po.ssible 
that the patterns of effective teaching for different 
ends are so idiosyncratic that they will never be 
isolated. . .**|27l In fact, this leads to a third, almost 
heretical questitm: does a good high school science 
leaclior (good in the sen.se of effective) need to have 
been a college science major? 

The above three questions are deceptively simple. 
The rcsearcli that has \o be carried i>ui to provide valid 
answers will probably lead to a general questioning of 
the validity of the philosophy of education that per- 
vades the teacher training curricula and departments of 
education. It is the same old question: if the philosijphy 
of teachers needs changing, who is going to change the 
phiKisophy of those who train the teachers? 

As liroudy points out. the entire point of what 
high scluu)! science is good for in terms of the 
non-school life of the high school graduate must be 
clarified. **As citizens, we use scientific knowledge, 
methods, and attitudes not to solve (which requires 
technological knowledge) problems, but to understand 
ihcni. We use the theoretical schemata of the disciplines 
to classily. analy/e. and to reconstruct the diverse 
contexts of societal problems. This is the primary use of 
knowledge b\ a nonspecialist. but we need research to 
map out the use ol scientific schemata the citi/en makes 
in reatling and discussion. . .We need researciied answers 
on the way school learnings are used iiiterpretivoly. to 
build the c<Miceptual contexts in. which the nature of life 
problems becomes intelligible." (.^1 

If Broudy and the otiiers quoted above are right, 
then the time has cinne for a full-scale revolution in the 
preparation of our secondary school teachers. 
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SESSION K 

MODEL PROGRAMS FOR SCIENCE TEACHER ED* 
UCATION 

Donald i\ Mctluiiv. I'Xpciinieiitul Propraiu tirou|\ 
National Science I'ouiidaiion, Washington, DX\ 

The National SciiMu:e Toundalion* in January h)68, 
iiiiiiaiod a scries ot' grants that supported the develop- 
ment of 25 models of preservice science teacher educa- 
litui. Light projects were in elementary tcaclier prepara- 
tion* fourteen were secondary* iwi) were intermediate* 
and ime included all three levels. 

The projects arc additive creating new offerings 
thai will be recommended in additii)n to current 
courses in t\>ur cases. **Cv>urses'' here means instruc- 
tional experiences not necessarily lectures. Nine projects 
altered previous offerings* in six cases intending eventu^ 
ally to replace them. One project spent several months 
in preparatory work* then replaced all its science 
instruction for prospective elementary teachers innncdi- 
ately. Later changes were made "on the line.'* In 11 
projects, some courses wer* replaced and others added. 

Among the changes instituted by the piojects, new 
instructional activities were the most frequent* with 
major revision or addition of courses in 17 cases. A tew 
of these instructional clianges have been revolutionary 
with outstanding results. Kven some of the less dramatic 
changes have increased the enthusiasm of students and 
faculty alike. 

Science teaching resource centers, limited to under- 
graduate use, were created by four projects. More 
general centers, some with library .laboratory * classroom 
and all with a well-stocked lending center for inservice 
as well as preservice teachers* are components of seven 
piojects. These centers seem destined to become the 
most visible of the traces remaining after the projects 
assume full self-support. Their impact makes them 
regional facilities in a very worthy sense. 

Formal Siudy of the '*new science'' or "new math'' 
curricula is part of six projects. We have been informed 
that frequently undergraduates find science study de- 
signed for the elementary grades as challenging as 
traditional "core*' requirements. Tlie problem is to get 
them to tackle it seriously. When they do, they seem to 
learn as much science for themselves as they iearn about 
materials for pupils. 

Direct and frequeiu cooperation with schools is a 
component of 1 1 projects* with less intense collabora- 
tion in 6 others. Harly responsible classroom teaching by 
prospective teachers characterizes six projects. Less 
formal participation occurs in nine others. Content and 
methods instruction is combined in 7 projects and there 
is some linking in 13 others. Classroom teachers are 
members of project staffs or major committees in five 
projects, and have lesser responsibility in seven others. 

Formal evaluation has been minimal. **Success.'' 
judged on the usual intuitive grounds, has been high 
except in six cases, with some advances even there. 



Some of the 'Maihircs'' resulted truu) uuci>utrui)uble 
external events. Some of the sueeossi?s were relate<! tit 
an imforeseen degree of enthusiasm in acceptance of llic 
new strategies. Nt) projects failed completely. 

t^H the future* we anticipate a strengthened evalua- 
tion componeitl. We ilready have undertaken a cam- 
paign of third party evaluations* Based on tite results of 
these evaluations* we may reduce our investment in 
exploratory projects, urd increase the number of program 
development efforts aimed at adapting and implementing 
the earlier advatices, 



SESSION L 

UNIQUE APPROACHES TO INSERVICE EDUCATION 

Paul (i. Koutnik* Coordinator, Inquiry Skill Re- 
search Development and Adaptation Program, Mid- 
continent Regional Educational Laboratory, Kansas 
City, Missouri 

For the purposes of the pt»sition paper, the author 
defines inservice teacher education as training which 
occurs subsequent to receipt of the teaching degree, 
lakes place on-site or near the teachers' districts* and 
consists of summer and/or acadeMiic year work while the 
teacher is employed. Traditionally, this form of truining 
has been sponsored by a school or district while 
originated by an outside institution such as a teacher's 
college which provides academic credit. Inservice training 
has not commonly been established or perceived by the 
trainees themselves as inseparable from **preservice" in 
terms of attaining professional growth lor its own 
rewards of increased competence. And, commonly, 
inservice training has given less attention to the estab* 
lishment of mechanisms to support and nurture the 
**iimovations" after the trainers have left than to the 
formal training itself, 

Lniis .1. Rubin's concept of the self^evolving 
teacher is described as important in advocating what 
should be a reason for inservice education, and Robert 
N. Bush*s description of the ^'Curriculum-Proof"* teacher 
and his intrinsic reward system is offered as an alterna- 
tive goal for inservice edut:ation,| 1 ] And, the impor- 
tance of the practioner-client analogy to the teacher- 
student relationship is pointed out to reinforce the 
truism that student needs are the only basic justification 
for any kind of teaching. 

A position is taken that the science education 
community should emphasize in its inservice training 
efTorts programs which (a) offer generali/ability of 
teaching skills to subject matter in addition to science, 
(b) include a system to assure that the innovations* or 
upgraded performances will have a chance to continue 
wlien the trainer has left* and (c) can be appraised for 
their effect in terms of student outcomes. 

James C. Stone's analysis of the Ford Foundation's 
Breakthrough programs is reviewed because it presents a 
paradigm for the conceiving, planning, implementing, 
and supporting of imiovation and is empirically derived 
from a review of actual project histories. (2 J Several 
inservice staff development projects are examined in 
liglU of Stone's paradigm and the author's position and 
the suggestion is made that information on new strate- 
gies for inservice education of science teachers which 
address the issue of support for imuwations after formal 
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prutcct, itisUtute or workshop oxperiotuv ho uccuiiui* 
lilted ill im place atui be made available to the AITS 
membership. 
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SESSION M 

THE REGIONALIZATION OF TEACHER EDUCATION: 
THE NEXT STEP IN PROFESSIONAL DEVELOPMENT 

Winiani L. Sharp, Science Education Center, Univcr^ 
siiy o\' h»wa, Iowa City 

The cuiricuhnn development efforts witnessed in 
secondary science over the past decade and a half 
represcMit one i»f the most significant efforts in history 
at ciundinating the various parts of the educational 
system. Never before have academicians, educationists, 
and practitioners so po(»led their energies to produce 
curriculum materials in such philosophical harmony with 
the substance and syntax of the disciplines. The marvel- 
ous array of textbooks, manuals, and instructional 
support systems has beeti developed out of the very 
best prediclicms of today*s needs in providing the 
scientific understandings necessary for the fullest and 
most effective participation in this last half i»f the 
twentieth century. 

On the other hand, it is now clear that little 
optimism is warranted over the effectiveness of efforts 
to implement the national science curriculum into the 
daily patterns of most schools. Although millions upon 
millions of dollars have been spent upon inservice 
training and education programs ostensibly designed and 
funded for exactly that purpose, many "alphabet** 
materials suffer either interrment under the dust of 
storage shelves or perhaps worse, misguided and 
inappropriate usage. 

The issue defined herein C(»ncerns the remaining 
work of effecting real change in school science instruc- 
ti(Ui through tfie proper implementation of the national 
curricula and their inherent phil(»sophics and pedagogic 
strategies. Three points to be discussed are: 

1. that the national science curriculum materials rep- 
resent too abrupt a shift in educational expecta- 
tions and are incompatible with the basic structure 
ot Mic American school; 

2. that the collaborative efforts among scIkhjIs and 
universities, initiated in development of the curric- 
ula will be vital to the success of their implementa- 
tion: and 

3. tha* a regionalized concept of teacher educaticm, 
both preservice and inservice, shows promise of being 
an ctfective agent of change. 



The Structure of the School 

In Iun book The School as a d'PUcr of Inquirw 
Robert Schaefer (I%7) presents a vivid and realistic 



picture of the workaday world of the schtml. Based m 
m Imlustrlal model, ihe American school of today Is a 
product of an age itow past where standardi/.atioii of 
skills and jobs was of prime importance. The school is 
structured as a hierarchy with teachers playing the role 
of bureaucratic ftmctionaires replaceable cogs in the big 
organizational machine, The schools *\ , ,are essentially 
educational dispensaries apothecary shops charged with 
the distribution of information and skills deemed benetl- 
cial to the social* vocatioiuiK and intellectual health of 
the immature," (71 Alvui Toftler writes: •The most 
criticized features of educaiicMi t( Jay the -egimenta- 
tion, the lack of individualization, the rigid systems of 
seating, grouping, grading, and marking', the authori- 
tarian role of the teacher are precisely those that nuide 
public education so effective for its place and time/* 
(Toftler, 1970, p, 400) 

Being products of the industrial age we have 
embedded within our national psyche the idea that the 
industrial model is universally acceptable, is the American 
way, the way many of us were brought up and thus 
rcmanis an effective model for educatiiuu 

Ulwood Cubberly articulated this point back in 
1916: **Our schools are in a sense factories in which the 
raw products (children) are to be shaped and fashioned 
into products to meet the various demands of life. The 
specifications for manufacturing come from the demands 
of twentieth century civilization," (Cubberly, 1916, p. 
338) 

Whether or not Osgood's cultural lag theory fits 
here is speculative. However, the demands of twentieth 
century civilization are far different now than they were 
in 1916. {I I The school as a social institution and to a 
large extent, the educational expectations of many 
people, have yet to recognize the need to catch up. 

Inquiry as an educational goal for many schools 
remains largely misunderstood or is viewed as inappro- 
priate, illegitimate, or unimportant. The school is per- 
ceived as a dispensary and teaching is thought to consist 
of prepackaged information distribution. Furthermore, 
the task is perceived as e;;sy and routine and becomes 
most cost effective when working with large groups in 
lecture/discussions. Inquiry on the other hand is expen- 
sive, requiring smaller groups, and longer times for the 
same amount of product, product being defined as that 
which is most easily measured. 

PseudO'A uthority 

Consequent to the view of the school as a dispen- 
sary and the perfunct(»ry nature of the task of teaching 
is the fact that teachers are given little real professional 
authority. The syllabus, the texts, the schedules, the 
lengti» of sessions etc. are all contrcdled by supervisory 
personnel. The teacher is expected to W(»rk all day, he 
suffers from a lack of an analytical and inquiring 
tradition and in many cases has been trained through a 
vocaticMially cjriented teacher education program, 

A type of pseudo-professional authority does develop 
however, Schaefer alludes to the quasi instruc- 
tional freedom that develops from the •*isolati(»n of 
teachers in walled-off classroom cubicles.'* |7| The 
teacher has the ability to close the d(»or \o other adults 
and thereby protect his ^'kingdom*' from excessive 
supervisory control. Through this isolaticm he enjcjys a 
kind of autonomy that should not be mistaken for 
developed professional authority. He is free \o behave as 
he chooses in respect to personal teaching style, or 
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tndividu il relations witii teachers, so long as he main* 
tains a degree ot' disciplinary control over his classes. 

Institutionally deprived in the analysis of pedagogic 
issues, ilie teacher is restricted to a mere illusion of 
professionalism. Removed from genuine control over his 
priMessional life, unaware or uncertain of legitimate 
theoretical bases from which to operate, isolated, and 
insecuie, the pseudo professional lives in a world t>f fear 
and suspicion, lie is unwilling to admit to personal 
deficiencies, and often chooses to hide behind the 
"wall" of practical experietice. His ^^professional" con- 
cerns are limited to a strong, well deserved, but often 
hard*nosed stance on teacher rights. His rhetoric is often 
punctuated with cynicism toward those beyond his 
reach the administration, sometimes the students, and 
the "ivory tower" idii>ts at the university. 

DefH^mlahy on Authority 

One major unfortunate consequence of restricting 
the teacher to a pseudo-professional status is the fact 
that it strips him of a sense of personal capability fur 
genuine participation in finding the way. 

He is often at once authoritarian and dependent 
upon authi»rity from whom he expects answers to be 
short, to the point, and without ambiguity. Virtually 
nothing in his ^^professional" training provides him with 
the basic skills of inquiry. More important, nothing in 
his preparation provides him with a tradition of inquiry. 
The theoretical and philosophical underpinnings which 
serve as guide posts in making critical educational 
decisions lie outside his realm and render him in a sense 
pr(»fessionalIy impotent. Three common responses often 
encountered when working with secondary teachers and 
related to this sense of helplessness are: 

1. ti» develop naive dependence on some authority, 
this can lead to difficulties stemming from unreal- 
istic expectations from the authority; 

2. ti> naively reject all authority, carte blanche: or 

3. ti> vacillate between authority dependence and 
rejection of authority on the basis of the quality of 
their respective rhetorics or congruence with pre- 
dispo.sed beliefs. 

These factors: the industrial model of the school, the 
vi.sion of schools as knowledt;e dispensaries, the lack of 
inquiring tradition in the school and the supre.ssion of 
genuine professional development of teachers are seen as 
major influences resisting the cstabli.slinient of inquiry- 
oriciited curricula. Unless this basic structure of the 
school is understood, unless the school is radically 
changed and inquiry as well as leaching is emphasized, 
our national curricula will remain an interesting curio 
outside the mainstream i>f mass education. They simply 
are nox compatible with the current consciousness of 
what comprises a legitimate education. 

School-University Collaboration 

"There is much of utter triviality of subject matter 
in elementary and secondary education. When we inves- 
tigate it. we find that it is full of facts taught that are 
not lacis. which have to be unlearned later on. Now this 
happens bec;iuse the "tower" parts of our .system are 
m vital comiectitui with the "higher.'' Tlie university 
or colleuc. in its idea, is a place of research where 
mvostigation is g,>ing on. a place of libraries and 
museums, where the best resources ol the past arc 
gathered, mamtamed, and organized. It is, however, as 
true i!i the scIuujI as in t'le university that the spirit of 
mquir\ can be got only through and with tlie attitude 



of inquiry. The pupil must learn what has meaning, 
what enlarges his horizon, instead of mere trivialities. He 
must become acquainted with truths, instead of things 
that were regarded as such tlfty years ago, or that are 
taken as interesting by the mi,sunderstandingof a partially 
educated teacher. It is difficult to see how these ends 
can be reached except a;; the most advanced part of the 
educational system is in complete interaction with the 
most rudimentary." (Dewey, 18W, p. 92-93) 

Tlie success of the development phase of a national 
science curriculum is in large part, a function of the 
articulation and collaboration among persons repre- 
senting all phases of the education community. The job 
of implementation was lefi up to the institutions of 
hit'her learning and textbook publishers. Considering the 
mass of the problem from the perspective of the radical 
changes in thinking and school structure, the teachers 
wno were able to receive inservice training were far too 
few to create any lasting widespread impact. For all 
practical purposes, in light of the money and effort 
expended in this direction, implementation efforts over 
the past ten years or so have failed. 

Tlie most important element affecting the success 
or failure of inquiry-based curricula is the profession?! 
quality of the teacher. Further, the most etTective means 
of establishing a tradition of inquiry and higher profes- 
sional involvement among the **rank and file'* teachers is 
to provide for the close and frequent interaction 
between school and university personnel. 

Herbert Thelan sees profession as being "com- 
po.sed of people who think they are professional and 
who seek. . ,to clarify and live up to what they mean by 
being a professional,'* He maintains that the only way to 
generate the profes.sion is through the interactions of the 
various parts, "They must give each other information, 
share, experience, plan together and take part in all that 
we usually mean by formal and informal communi- 
cation. They must also engage in reflective and human 
communion that builds the sense of community, "(81 

The successful implementation of inquiry will re- 
quire the development of a community of scholar- 
teachers who are organically linked to the academic 
world through a university faculty (Schaefer l%2). The 
teacher must intellectually and physically, be a part of 
the curriculum development effort. No matter how 
complete a ^'package'' may be, its full value lies in the 
quality of the human intervention of a wise teacher. 

The school and university must become active 
partners in inquiry. As David Hawkins (1970) suggests, 
teachers must not be shown the way, but must become 
part of the effort to find the way. If the university 
assumes a facilitatiim role in enabling the school to 
investigate and deal with its own problems, the school in 
return will become a source of research strength, and an 
enthusiastic participant in inquiry. 

Teacher Education 

One of the most fundamental questions now facing 
teacher education is whether or not teaching is a 
technical process. (5] For years, efforts liave been made 
to define effective techniques of teaching which clearly 
show significant advantages as expressed in learner 
dilterencos. For years the results iiave been dissappoint- 
ingly the same no difference or no replicable differ- 
ences. 

A technique, as defined by lillui (3} is a standard- 
ized way \o achieve a predelcrniiiied end. In spile of tlie 
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current mnse surrounding the issue of competency or 
performance^based teacher education, few if any clearly 
defined and UK^uurablc skills of real significance have 
been recognized. In fact, recent studies of the subject 
show that no entirely satisfactory description of perfor- 
mance-based teacher education has been formed. (21 
From alt appearances performance-based teacher educa- 
tion can be defined as "a slogan system in searcli of 
followers," (51 

Teaching is not a science in the sense that it 
cimiprises thei>ry with reasonable pi)wers of explanation; 
or in the sense that there can be defined a single correct 
way to accomplish a thing. Unfortunately many pro- 
fessors of education pretend to know what the tech- 
niques of teaching are and create false expectations on 
the part of students who come to their classes expecting 
to have the closely guarded secrets revealed to them. 

On the other hand, we can define the science of 
teaching as being the continuing and dynamic search for 
creating more etTective learning environments. 

Teacher education must become less concerned 
with information and techniques already discovered and 
become far more interested in the strategies for acquir- 
ing new knowledge. We must consider our goal to be the 
preparation of beginning professitmals who possess the 
trained capacity and attitudes necessary for life-long 
learnings, not the production of polished practitioners. 
171. (61 

Presirvicc Tvacher Education 

The academic preparaiii)n of tiie scholar-teacher 
sliould include philosophy in the form of epistemology 
and the philosophy of science. It should include under 
psychology: research methodology, experimental design » 
observational techniques, and measurement. Educational 
sociology would be another important component 
through which the perservice teacher would discover 
analytical tools foi understanding subcultures and pupil 
characteristics. In place of the methods of teaching 
where imo talks about techniques, there should be 
hihorati^ry experiences and apprenticeships in schools 
which in turn should comprise the critical analysis of 
teaciiing behaviors and the logic of pedagogic strategies. 

In short, the beginning professional should enter his 
tield with a tradition of inquiry, a notion of the pressing 
questions facing him, and a felt responsibility to engage 
in ;i continuous search for effective means of interven- 
tion with curriculum for enhanced student learning. 

Rci^umalizcd Teacher hdiwatuyn 

Traditiiuially, many problems interfere with efforts 
K\\ educationists to gain greater ;iccess to the arena t^f 
practice the scluh>ls. Strangely, the respective missions 
of each :ire often perceived as incompatible rather than 
complementary and mutually supportive. There is a 
perceivable credibility gap between the schiu)! and 
university that may retlect the gap between thei^ry and 
practice. 

A model t)f sch(U)l4miversiiy ci^llaboration that 
slu)ws vMUe proinise iW' affecting the interface between 
these parts t>f the educational system is fu;md in Iowa, 
hi h>72 the rniversity of Iowa with the financial 
suppi>rl t)f the National Science I'oundation initiated a 
concept of teacher education known as Project ASSIST. 

Simplv siat'.\i. the basic goal Project A,SS1ST is 
to enhance and tnrther ilic articuhiticni of tluuiglii. 
manpt)wer. and niisMon between the schools of Iowa, 



the State Department of Public Instructiun^and institu- 
tions of higher learning in an elTort to improve scien%*o 
instruction. From its inception ASSIST defined 
ultimate goal as the improvement of science instrui 
through the creation of a spirit of cooperation u 
common mission witii the schools of the state. It is a 
rtuid concept that becomes defined operationally at 
local and regional levels on the basis of negotiation with 
school officials. Its purpose is to define the needs of the 
schools and to provide mechanisms whereby those needs 
can be dealt with. The program seeks to facilitate the 
professional development of practioners and to assist 
them in implementing the programs they and their 
schools {^rceive as being worthwhile within the context 
of their local situation. 

Regional /nvolvemenf 

A basic premise of Project ASSIST is that persons 
closely involved with siudents atid classroom activities 
need to play a major role In (a) the development of any 
new approach to the implementation of effective science 
programs and (b) preservice and Inservlce efTorts to 
develop teachers with the pedagogical skills and philo- 
sophical equipment to teach them. 

A regionalized concept comprising 18 centers 
throughout the state was adopted. Key leaders were 
selected from the ranks of teachers and science super- 
visors In each of the centers to serve as coordinators of 
ASSIST programs. The programs are designed in re- 
sponse to defined needs within each of the respective 
centers and include needs assessments, program evalua- 
ting, inservicc teacher education, preservice teacher 
education, and community involvement. The regional 
coordinator is x member of the community the center 
serves, has ma.iy personal and professional contacts 
within the community, and works to ensure that center 
activities are indeed responsive to the needs of that 
community. The regi<mal concept has had major impact 
simply because it has provided a mechanism through 
which teachers, administrators, students, and community 
representatives can participate in the definition of needs 
and become a part of the effort to meet them. Thus 
plans developed at the regional level are congruent with 
local expectations. 

Tlie Regional Center concept has allowed a greater 
involvement of school personnel in the process of 
inquiring into tfieir profes^^ion. Conferences and meetings 
comprised of teachers and administrators served to focus 
on professional concerns, and tfie effectiveness of exis- 
ting programs, and have resulted in a *'tooling-up'' to 
meet newly recognized demands. Two major curriculum 
areas widely defined have been elementary school 
science and environmental science. Inservice programs in 
the form of workshops, minicourses, and extension 
courses have been developed in many regional centers 
with university assistance and personnel. New life has 
been sparked into curriculum development and imple- 
mentation, throughout the state. 

A major benefit of the developing close-working 
relationship between the university and the school at tlie 
regional level has been the development i^f a new avenue 
for genuine pn^fessional inv(^lvement by teachers with 
the support t)f the university tliiiHigli formal training 
and consultant services, and most important, the oppor- 
tunity to share concents with both university personnel 
and colleagues both across the hall and across the street. 
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Oyopvratm f'fjort 

rnibeddeJ \^ithin the notion of Regional Centers is 
the concept of sharirig the nnancial burdens associated 
with ASSIST programs. The rej^ionali/ation of services 
contains many economic advantages related to travel 
costs and resource sharing that will allow the Project to 
become self sufficient as it must, if it is u^ carry on 
beyond tlie period funded by the National 'Science 
humdation. Further, as a philosophical p-)int, it is 
believed that to he receptiv? and effective, progrnn? 
require the commitment and financial participation of 
all involved participants. Things offered for **free'* are 
generally devalued in tlie min<ls of the recipient, often 
interfering with full involvement. 

Prcsi-niiv (ioals 

The increased counnunication capability developed 
through Prt^ject ASSIST has functioned to enhance 
preservice teacher education in many ways. 

1. hihravtitm Amouji StanwUc Resources, Meetings 
and discussit)ns cataly/ed by ASSIST have identified 
the human and material resources scattered 
throughout the many colleges and universities with- 
in the state. Areas for possible sliaring of resources 
to fit regional needs were outlined. 

2. Idaitificathm of Master Teachers, Tlie closeness to 
the **grass roots'' allowed by the regional structure 
of ASSIST has greatly aided the recognition of 
programs and of outstanding teachers wlio are willing 
to serve as human resources. 

3. Administrative Arrangements. Tlie Project is ex- 
ploring means of creating administrative or contrac- 
tual arrangements between scliools and the univer- 
sity which better serve the needs of the preservice 
teacher and the school. An example would be the 
arrangement between tlie Sioux City schools and a 
local college where master teachers are given release 
time to participate in a college science methods 
course in return for the assistance afforded by 
teacher interns. 

4. Communication, The enhancement of communi- 
cation between scfiools. the university, and the 
State Department of Public Instruction has been a 
major acct>mplishment of the project to date. 

5. Certificatiim Criteria, The improved communication 
capability and newly recognized goals and needs 
have stimulated a scrutinizing of the appropri- 
ateness of present certification criteria. 

Inservice Teacher Education 

Tlie inservice component of Project ASSIST prom- 
ises to be one of the most important. Clearly, one of 
the goals of ASSIST is to provide continuity between 
preservice and inservice teacher education. The early 
identification of practioners willing to work toward the 
development of new teachers has already been a re- 
warding and effective mechanism lor enhancing the 
professional growl Ii »)f both. Tlieory and practice come 
closer together through the harmonious working rela- 
tionship 1)1 a university student and an "Old Pro.'' To 
date A.SSIST has functioned to create summer curric- 
ulum development workshops comprised of teams made 
U{ of a practitioner, a preservice teacher, and a graduate 
studeni. Tlicy developed a iicw kind of wholesome rela- 
tionship based upon mutual respect for the comple- 
mentary skills possessed by each team member. Plans for 
tlic iru'lusion of preservice teachers in the implementation 



of the instructional packages they helped to develop arc 
now being Unali/ed. 

It is impi>rtant to stress that in Project ASSIST 
uiservice needs are determined at the regional level. The 
school and the university negotiate the nature of the 
program on the basis of the need perceived and the 
resources available. Teachers within the region play an 
important role by coordinating and by helping to define 
the design of workshops and other Inservice activities. 

To date, research involvement of regional personnel 
has been restricted to the collecting of data for a major 
needs assessment project associated with the project. The 
enthusiasm and cooperation of school personnel in this 
effort create an anticipation of their greater involvement 
with future research programs within the schools, thus 
coming one step closer to the development of a 
completely viable and lasting professional relationship 
between the school and the university. 

The beginning steps taken towards greater integra- 
tion of the school and university have promise of creating 
real change in the pattern of science education in Iowa* 
The national curriculum projects are being implemented 
in a professional numner by professional practitioners 
who understand their value and can articulate theii 
worth in terms understood by the school and the 
coinnnuiity. 

Preservice teachers arc experiencing the problems of 
real world teaching through curriculum development 
efforts and clinical internships with cooperating teachers. 
Administrators and connnunity leaders are kept involved 
with current questions relating to the regional educa- 
tional needs in light of curriculum trends. Tlie effect ow 
kids in classrooms? Time will tell. 
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SESSION N 

HUMANISM, SCIENCE. AND EDUCATION 

David H. Ost. As.sociate Professor of Science liduca- 
tion. Cahfornia State Ct)IIege. Bakersfield 

Learning theory has been dominated in recent years 
by the hehavioristic school of psychology. The emphasis 
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has bwn on observable beliavit>rs rather than tlioughts 
and reelings, on extrinsic pressures rather than intrinsic 
motivation, and only on those concepts, no matter how 
trivial, that can easily be evaluated. This influence on 
posiiivistic behaviorism has resulted in learning tlieorists 
and other person^' m education empliasi/ing bihavior 
rather tlian mimi 

Basically the humanistic movement is an attempt to 
consider the individual as a unique person with the 
ability to experience and interact with reahty. This 
uniquely human ability has resulted in the development 
of attributes which provide man with beliavioral quali- 
ties that are the basis of cultural evolution. Choice, 
sell-discipline, imagination, introspection, self-criticism, 
and thoughts of the future are but a few of the 
characteristics unique to man. 

Perhaps the most basic theory of humanism is that 
the individual has iniernal components which affect 
jvrcepiion. thought, feeling, and, most important, 
action. Murray and Kluckhon describe some iniernal 
ci>mponents which might be classified as basic instincts. 
1 26 1 Maslow delineates a hierarchy of needs. [231 
Factors such as life styles also have causal influence 
upon perLVption according to Maslow [23], Allporl [2], 
and Murray (25), but must be learned. This is not to 
say that external factors, as ascribed to by behaviorists, 
ar.^ inconsequeniinl but rather that human interaction 
with the environment must be considered as a function 
of internal forces. Cultural and sociological forces, such 
as peer group and role pressures do not exist outside the 
experiences of the individual but interact in a complex 
manner with the internal components. 

One of the theories of humanistic psychology of 
special interest to educators is that of the hierarchy of 
needs and subsequent forms of gratification developed 
by Maslow. Tliis theory is presented as a representative of 
a basic thrust of humanism throughout the remainder of 
the paper. (This is an oversimplification.) 

According to Maslow, the individual progresses 
through the hierarchy (psychological, safety, belonging- 
ness. self-esteem, and self-acluali/ation needs) beginning 
with the most basic biological needs. Before the person 
begins to fvcl the safety needs and to react to them, a 
majority of the physiological needs must be gratified. 
The individual does not necessarily gratify the needs at 
t)ne level completely before feeling the needs of a higher 
level. There may be some gratification of a higlier level 
need before a more basic need is fully gratified, hi any 
case, this hypothesis is a useful basis for a conceptual- 
ization of humani^ ic psychology. 

Humanism is not merely a pleasure principle as 
Smarr and Fscoll would have the public believe {32} . 
Humanism provides the science teacher a basis for better 
understanding the student, the interaction of individuals, 
and st»ciety with scientific knowledge and processes, and 
the kind or education students will need to acconi- 
modate to a rapidly changing society largely influenced 
by science and technology. 

Science is an intellectual tool created by man as a 
result t>f his interaction with his environment. Although 
it WMs: he true that laws, concepts, and general under- 
st.iudujg are results of science and are founded on 
reaiii>. their interpretations are a function of the mind 
ot man. The humanists would suggest that man's 
perception, conceptual thought, and inferences are all a 
runction o\ internal components which determine the 
individuars response. 
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The purist who rejects this position and maintains 
that science is completely autonomous is also saying 
that science is nonhuman, divorced from values, and 
intrinsically worthwhile, (A conclusion to be drawn 
iron) the related rationale of *'basic research for the sake 
of research*' is that even the most trivial research can be 
impressive wlien only methodological criteria are ap- 
plied.) This mind set, this religious doctrine, stales that 
value judgments lie outside the realm of science, outside 
the realm of knowledge and understanding. This doc* 
trine has fo.stered a public antisciencc attitude. 

Science may be objective, amoral, and self* 
correcting. Tlie scientist and science educator, however, 
do operate within a value system which is neither 
objective nor self-correcting. Science is not generally 
considered humanistic [34J, however, scientists and 
science educators can be. A student of science can learn 
to base decisions on hard data but must also be aware 
of the significance of his perception as well as related 
factors such as how the subject under study was selected 
or what biases determined what data was collected. 

Before the current philosophically rigid attitude 
developed, early science was a means of responding to 
the basic needs of man primarily motivated by devotion 
to and love of people. Much of science was related tt) 
medicine or to explain phenomena man experiences. 
Science now deals with a plethora of abstract areas far 
removed from the lives of man. It might be legitimate to 
ask the question, of what value is science to the 
individual? 

Science offers the individual a sy.stematic mechan- 
ism for objective analysis of reality, the reality of the 
individual. Por example, science might be a vital process 
for value clarification. It is insufficient to simply ignore 
values. What is perceived and how it is interpreted is of 
importance to each individual and his subsequent acti<m. 

To expand, if Maslow's theory of the hierarchy of 
needs is correct, onf^ miglit test one's owi^ action against 
the theory in a scientific manner. Not only would such 
a systematic approach to introspection provide data for 
understanding self but also the understanding of other 
persons. The needs are theoretically the same for 
everybody: the means of gratifying those needs may be 
different for each individual. The behaviors of the 
student of science, the teacher of science, the profes- 
sional science educator, and the scientists are all func- 
tions of the hierarchy of needs and subsequent gratifica- 
tion. 

Maslow and others (4J, {7j, [28| have suggested 
that science can be a path to the greatest fulfillment and 
self-actuali/ation for an individual. Wliile it is true that 
science is only one means of attaining knowledge of the 
natural, social, and psychological aspects of reality, it is 
perhaps the one most potentially available to the masses. 
The public apparently conceives science as a large body 
of knowledge. It must be clarified that science is not 
only a collection of static intellectual constructs but also 
a dynamic method of understanding appropriate for the 
perception of self, 

Tliere are many ambiguities of science which are 
significant, particularly as related to humanism. Al- 
though science is not itself a value system it is a 
function of values. This notion is particularly wd! 
developed by Bronowski (5j, Maslow |23|, and Barber 
[4]. Rationality, utilitarianism, and meliorism are cul- 
tural values which have a positive congruence with the 
operations of science. In essence, the position from 



which anyone i^pcrmcs is a priori, Uctennlncd by a value 

sysUMn. 

Another ambiguity of science is that characteri/ed 
by Cohen when he wiiles* **. . . it is not tMily 
analytic; it has a synthetic character as well Science 
forms A frjuiewDrk in which one attempts to learn bits 
and pieces of reahty through an analytic approach to 
the separate inquiry struct mes. At the same time science 
alsi) is the process of synlhesi/ing such bits and pieces 
together into an objective picture of reality. It is this 
latter ciunpiuicnt of the naline of scitMicc which is most 
useful to the non«*;cientist. ll is not enough merely to 
provide an individual with the intellectual tools to 
dissect his life* to identify needs, drives, and other 
factors of scif. One must also learn to assemble these 
bits of informaiion into an acceptable, objective, and 
lu^istic view m order lo make decisions about the future 
in a realistic manner. 

hi science, as well as in teclmolgic studies, a basic 
skill is that o\ opiimi/alii>n. Often a decision must be 
made based on the data available although the researcher 
knows the lhei>ry or answer developed may not be 
ciMiect or sufficienllv refined. Therefore, a solution or 
iheiuy is always \)pen \o refinement as new data 
heciwiies available. Opiimi/ation is part of the self- 
correcting aspect o( science and allows for growth. 

In humaiiisiic terms, optimi/alion is parliLuIarly 
signUkMni as related to the silf, it is a unique sensation 
fi»r members of the American public to believe that 
what ime Joes is wi»rlhwhile. Acceptance of sdj is not 
easy, (Jlasser puts it very bluntly when he writes; 

Therefore, all syinpli>nis. psychological or psychoso- 
matic aiul all hosiile, aggressive, irrational behaviors 
are pnklucis of loneliness and personal failure. [Ift) 
Altluuigh (ilasser would deal with such problems 
through behavior modification techniques. [15| it is 
important \o point out that for many individuals needs 
are unfulfilled. Such individuals must learn to deal wiih 
leahtv ill an objective maimer. Willers (33] has i'uer- 
preted Cilasser to mean that being luiman results in the 
rediscoverv. redefinition, or icveritlcalioii of what it 
means to be free, and lo work with, enjoy, and 
ci»operate with iMliers. 

Humanism places emphasis i»n the development of a 
strong self-concept. This idea is very important but it is a 
static concept. Singer speaks of the *Mulurc-focused role 
image*' [31 | which is somewhat similar to the 
self-act uali /in g ci>ncepl of Maslow. Hoih ideas are 
predicated on the ability ot the individual to assimihite 
new data and ni»»dif\ his position accordingly. This is 
opiuni/alion ol the level of the individual. Persons who 
have learned this skill will be better prepared not only to 
acconiniodale in the luiure hut lo make inferences and 
predictions as ti>llieii r*)lcs in ihe fuluie. 

The most recent lariie scale science curriculum 
movement [.iimarilv emphasi/ed discipline-oriented re- 
Ncauli lcchnu|iics and Icarnmg-mquirv siruciures of 
spccttic diwiphnes. The current move of the cuiricnlum 
pendulum Is hack lo probleribcentered •caching and 
le.irning straioi!ieN as well as to a more •;t>cialK useful 
uiulersi.mdnig ol science, llic Kepmt of the hstcs Park 
( ontctericc is a call I«m a school pro^iam which is 

n«w «>nl> problem-centered bu! based <m prt^blerlls real ti> 
ihe sindcm. The conferees cl.iini that such an approach 
>\ould be more meaninulul t«> the siudenis. inierdisci- 
plmai> in nature, and resuli in mcieased leaimna tlnou.^h 
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application ot skills in the development of solutions to the 
pr4>blems. 

Curricula are in constant states of modification, 
rewrite, ai^d renewal. The criteria for dcterminini, the type 
of change is based largely within the structure of tlie 
discipline. Factors such as critical thinkhig, scientitlc 
probient solving, science, and society have been included 
among goals for new curricula since the late 50's. However 
implementation efforts of such curricula focu.sed on the 
discipline. 

In recent years increased attention has been given to 
humanism and the science curricula. The linvironmental 
Studies Program |13) is one which explicitly deals with 
humanistic theory and its relationship to tlie teaching- 
learning environment. Concern is exhibited throughout 
the materials for the individual and his experience and the 
needs of the teacher as well as of the student. 

Returning to Maslow, if one makes the questionable 
assumption that the majority of students have inost of 
their physiological needs gratified (and in many parts of 
this country and the world, this statement is indeed 
questionable), then it follows that safety needs are the 
next to be identified. It is here that the curricula of the 
60's, with their emphasis on discovery, inquiry, and 
openness encountered difficulty in acceptance. If a 
student has needs of structure, order, and limits which are 
unfulfilled, then it is difficult, if not impossible, for him 
to functi4)n in an environment which seemingly does not 
provide tor those needs. Perhaps that is why revi.sions of 
many of the curricula have resulted in increased order, 
structure, and limits in their respective materials. The 
inability of teachers and others (including students) to 
satisfy personal psychological needs explains at least a 
portion of the lack of acceptance of the more *\)pen" 
elementary curricula in favor of the more structured 
programs* 

lliis phenomena is also of interest in analyzing the 
writings of science educators such as Romey. |30l Tliese 
authors have intuitively or by some other means begun 
working to provide mechanisms which result in the 
gratification of higher order needs. Again, if I am 
interpreting Maslow correctly, uud if his theory is correct, 
then it follows that the *'bclongingness and self-esteem** 
needs must be in a large part fulfilled before the student 
(or teacher) can begin to develop his full potential, 
whether that be critical thinking, creative thinking, or 
simply becoming a thoughtful scientifically literate 
citi/en. 

It is difficult if not impossible for teachers and 
coPegc professors to assisf stiidents in fulfilling their 
varii'us needs when the instructors have not yet attained 
grat fication i»f their own lower level needs. The teacher 
who still needs respect through authority, the professor 
wlu» is not secure in what he is doing or certain why lie is 
doing it, will have difViculty in creating learning 
enviromnents which will encmirage growth in students. 
References j6t, II3|, I.^0| suggest sources for niaierials, 
techniques, and models wliich liave been developed and 
tested to help teachers deal with their own needs, as well 
as to develop skills which will be usable with students. 

The American Association for the Advancement of 
Science in the national publication (iuiJclincs and 
Stufhlanis }(^r the iiliuatinn Scotfuiarv Sdniol 
leat hers nf Sarncc anj Mathcfnalics |3| has reci»giii/cd 
the significance i>f the humanisiic movemeni in science 
teaclier education. The tirst (iuidelme ol the document 
siaies- 



Tcuchor cducathHi programs should provide cxper* 
iences tliat foster continuous growth in those human 
quahties of the teacher that will enlwnce Learning by 
his students. 

A. A teacher should show sensitivity to 
students, 

B, Teachers should have self-esteem and 
confidence. 

Tliis statement and the information given in the 
supporting text clearly indicate that the concern for 
humane science education is more than the reaction of a 
few concerned radical educators. The humanistic move- 
ment has become an integral part of science education and 
science ieac!ier preparation. 

Self-actuali/aiion and teacher characteristics is an 
active area of research, li has been shown that 
self-actiiali/ing teachers demonstrate more concern for 
students. (27j Selt'-actuali^ation as a teacher attribute has 
been related to critical thinking done by students. (8), 
1 1 2 J Teacher behaviors of various types have been related 
to self-actuali/ation. (10) Most researchers suggest that a 
change in teacher selection and education is in order. 
Factors related humanism are significant and should be 
given serious thought. 

The current widespread concern for factors such as 
belongingness, self-esteem, and self-actuali/ation could 
not have come about unless a large number of individuals 
fiad risen to and gratified those needs. Teacher education 
programs will respond to the gratification of these needs 
only at the rate staff essentially fulfill the more basic 
needs. Then and only then will truly humane teacher 
education programs exist. 

Tlie fact that increasingly large numbers are searching 
for a success identity is evidence that social institutions, 
primarily the schools, have provided their participants 
with neither the necessary skills to deal with reality nor 
the necessary experiences to achieve gratification of 
needs. Few individuals have the ability to judge honestly 
what they are, what they are doing, or where they are 
going. 

Adults have recogni/ed the failure of schools to 
respond to the needs of young people. The result has been 
the establishment \)f a host of alternative schools. A 
special issue of Harvard lulucatioml Review deals exclu- 
sively with this topic. li is suggested that the rise and 
growtfi t)f these programs occurred simultaneously with 
the widespread fmmaoism movement. (17J Pressures 
which bnnighi humanism to the forefront include: the 
birth rate, the impact of scientific development, tech- 
nological skills, accountability, heavy* concentrations of 
urban populations, increasing militancy of all members of 
the educition coinnuinity. and the broader involvement 
of all persons in decision-making related to education. 

Tliese same pressures mitigate against widespread 
success of **third Nuce" objectives. Harold C. Hunt has 
predicted thai responses to such pressures will include: a 
lengthening i^f the school day. decreased teacher-student 
interaction, extension of school years, both downward 
and upward, with an increase in structured preschool 
programs and the addition of grades thirteen and 
fourteen. [211 

.Societal pressures may be moving schools toward the 
ends predicted b\ fhini. ni>wever, it is essential to heed 
the warning of John Holt. 

Snue the jai! function (oi schools) is not a humane 
funvU«>n and v\orks against the humane task of 
helping leariung and growth, since we cannot at the 



same time and in the same place be in the jail 

business and In tlie learning business, we must get 

ourselves out of the jail business, (20J 
Schools should not be considered as a perfunctory 
mechanism to husband human resources. 

Although such pr**ssures and forces do exist it should 
be remembered that the function of schools is to 
educate -to prepare our youth for their life as the next 
generation. Schools, curricula, and administrative deci- 
sions should be in response to the needs of youth, not the 
problems of adults. 

As 5:>cietal ^objectives continue to fragment, with 
parallel fragmentation of value systems, the significance of 
value clarification as related to science will take on 
increasing importance, Harvey suggests that teachers of 
science begin by examining their own values and beliefs. 
[1^1 Science will take on a personal value to the 
individual as attitudes and conceptions are clarified. It is 
then that the science teacher will be able to deal openly 
with values in the classroom, the laboratory, or in 
everyday living. Such an approach has been of highest 
priority in the minds of many science educators. [Ij, 
[18), [22] Science teachers trained to deal with values, 
will more readily be able to help young people through 
years in which the developing value system is most fragile. 

Science education curricula and purposes nmst 
accommodate changing school structures, whatever they 
may be. It is essential ♦hat modifications and subsequent 
programs be thought through and developed now. If 
changes in the schools are imminent, then today's teacher 
education programs should reflect the needs for tomor- 
row's science teaching. If the future is undefined then 
science teacher education should have built into it e 
mechanism to help teachers accommodate to as many 
forms of change as anticipated. 

Science and humanism can be the prime vehicles for 
assisting future sci'-Mice teachers to accommodate to 
change. If the science teacher uses what Dewey describes 
as a scientific habit of mind [1 1 j to view himself, he will 
be in a better position to optimize about self and even 
predict his role for the future. An understanding of needs 
will foster his own growth, thus enabling him to bettet 
work with students and their needs. The self-actuali/ing 
future-role oriented science teacher will be a vital ingre- 
dient of education in the future. 

Although specialization is perhaps biologically, 
socially, and intellectually necessary, it is not known at 
what level or to what degree specialization should occur. 
Should science teachers be trained only to canali/e 
youngsters into specific disciplines of science? Should 
science teachers be trained to function only as science 
teachers? I believe that the answer to both questions is, 
pt>siiivelv not] Hven though one becomes a specialist he 
should retain or attain the capacity to function as a 
generalist. Tlie needs of society are changing, the future of 
schools is in question, and certainly the role of the science 
teacher will be modified. The Association for the 
Education of Teachers in Science might heed the words of 
John W. Gardner, . . in a world of change the versatile 
individual is a priceless asset." (14) The difficulty, is, of 
course, in educating the ^'versatile individual." 

The most likely way of producing the individual with 
versanlity is to foster those qualities wliich allow him to 
be creative, independent, and self-reliant. These are 
qualities that are represented in MasIow*s liierarchy of 
needs as resulting only when the individual has reached 



the ability to sclt**actuult/e. Only thei) can the full 
)H)teiuial of the individual be brouglu out. 

If one accepts science us a signitlcant path to man's 
tulrtllnieii^ and self-uctuali/ation, it becomes important to 
consider science teacher education in a new and different 
light. Instead of having a past orientation or conscious* 
ness. tuture perceptiiMi would serve the science teacher as 
an adaptive mechanism. As the society continues to evolve 
beyond the capacity of the educational system to change, 
the humanistic science teacher would more readily be able 
to help young people function in an unstable environ- 
ment. 

Mow do we educate such super science tcacliers? Tm 
not sure. But more exposure to open curricular materials, 
no\ less, would help. CJreater concern on the part of 
teacher educators for fostering their own j»rowth and 
ability to self-actuali/e, rather than for maintaining the 
comfortable status qinK would help, A lessening of the 
concern for schooling, with greater emphasis on 
education, would help. A breaking down of the calcified 
compartmentali/ation of science would help. Nourish- 
ment of those qualities within man that make him a free 
and morally responsible being, would help. Realizing that 
the self-actuali/ing individual never feels he or she "has 
arrived'' or "has it all together" is the major prerequisite if 
one is to address one's self to the issues raised. It is then 
that it becomes clear that: society is not a machine that 
need only be maintained. It is then that humanism is seen 
as the prime ingredient of an educational system which 
provides a society with individuals which continuously 
recreate it in response to a changing environment. 
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SESSION O 

SCIENCE TEACHER EDUCATION: 
WHOSE RESPONSIBILITY? 

Donald (J. Ring, Science Coordinator, High School 
District 214, Mt, Prospect, Illinois 

The ijuestion ot' the responsibility I'ur educating 
teachers of science is really misdirected because hy any 
measure the responsibility has to be to be assumed by the 
individual being trained. What agency can best assist in 
providing the experience and insiglits wliich are most 
beneficial to achieving the skills necessary to teach 
science? Traditionally there has been a separation of the 
activities each institution would provide as its share of the 
training. The college has taught the general and specific 
subject background and theoretical portion of the student 
reacher^s professional preparation. The public school has 
been the location for the practice which was felt necessary 
to his professional development. Deviation from these 
roles has occurred in field experiences, in observation, or 
in mini leaching, but very little has been done to integrate 
the college and pubHc school portions of the professional 
education of a student teacher. This distinction can also 
be made about the education of practicing teachers* 
Extension and summer school course work accurately 
describes most college involvement in the Inservice 
education of teachers. 

The position of this author is that the education of 
all teachers, whether preservice or inservice, should be the 
shared responsibility o\ all agencies which have a 
legitimate interest in its outcome. In reahty, these 
agencies consist of the student teachers, the students 
served by the public schools, the communities which 
provide these stuaents, the school staff, and the college 
staff. The institutions which represent these constituents 
would be the university and public st.hools forming a 
cooperative where both have equal opportunity to 
conlrihute to the development of the individual strengths 
of a teacher. Primary requirements of such a cooperative 
would be the mutual trust of the participants and an 
acceptance of their legitimate interest in the entire effort 
of preparing one to be a teacher. Teacher education must 
be a sliared responsibility. 

One of the major strengths of any teacher education 
program is the extent to which it is capable of assisting 
students to achieve their potential. In a self-act uali/ing 
approach to teacher education the student is encouraged 
to seek as extensive an understanding of himself and his 
relationship to others as is possible. From this perspective, 
changes in behavior arc seen as the result of experience 
and interaction. 

Regardless of the differences in educational philos- 
i)phy, the development of the prospective teacher as 
a person is an essential responsibility of any teacher 
education prt>gram. Vicarious experiences are desir- 
able and even indispensable to the understanding of 
self and others, but if insight is to be translated into 
behavior, prospective teachers must be helped to 



InUMact with thenwelves and some of theh teachers 
as openly and honestly as possible. The process Is 
continuous and paiitfuK Only through open and 
honest eonfrontatum with self and others can the 
possibility of growth be enhanced. 

What is called for is a shift in emphasis from a 

curriculum characteri/ed by reliance on external 
responsibility for growth to one characterized by 
personal responsibility for growth, and from a cur- 
riculum characterized by talking about ideas, values 
and qualities to one characterized by the discovery 
and developntent of ideas, values and qualities 
through personal Invtdvement in real and open rela- 
tionships and experience*?. {16] 
The disparity that exists between theory and practice 
in teaching has frequently been identified as a majtn- 
problem in producing effective teachers. |13j the 
variations in teaching science in the public school as well 
as the lack of implementation of new teaching techniques 
in college make it ditllcult to transfer the concepts 
developed in methods classes to the reality of public 
school classrooms. Gallagher (71 suggests that **a 
significant portion of elementary atid secondary school 
people have difficulty in reasoning from pruiciolcs and 
abstractions to actions, and in conceptualizing data and 
experience from real-life situations.** Ho concludes that 
science teachers need experience in conceptualizing and 
reasoning from principles since this skill is a fundamental 
part of the scientific process. 

Whether the failure to find relevance and actual value 
in the theories commonly taught in methods classes is a 
result of the disparity between the college and public 
school experience or the inability of teachers to exhibit 
skills in formal reasoning does not detract from the point 
that a viable teacher education program must enable the 
participant to see the relationship of what he leains while 
in the program to what he needs to know during his 
employment as a teacher* Jackson {8] points out that the 
conceptual language of teacher education must not 
contradict the teacher's sense of reality if it is to have 
both explanatory and descriptive relevance. Opportunities 
to apply many of the ideas one has been introduced to in 
a methods class are of^ten lacking* That is, at least in part, 
due to the separath)n of the college and public school 
institutions. 

One of the major causes of the separation of 
institutions in contributing to teacher education is the 
often assumed distinction between practice and scholar- 
ship. Statep'nts such as 'Teachers are educators, m)i 
educationists. Their competencies are with children, not 
with theoretical designs for education'' |14l imply an 
inability of the practitioner to make significant 
contributions to the conceptual framework of teacher 
education. This kind of thinking has resulted in the 
assumption of research as the prerogative of the university 
and caused the public school to minimize the evaluation 
of its efforts. The effect has been for the public school to 
allocate small amounts of money to research and the 
university to find it difficult to apply the results of its 
experimentation to realistic situations. The separation of 
scholarship from practice has been a great dis.>:ervicc to 
teacher education -where, in fact, this distinctiim needs to 
be minimized. 

The question of who is to be responsible for teacher 
education may soon be academic. (Jiven the present state 
of teacher militancy* and the ability of teachers to 
inlluence legislation controlling entry into the profession. 



it wdiiUI apinnir thai \\we will mm bo mi chuitgeft (ii the 
coiutkaiion laws. To vvcUide teachers I'uiiu this pvocess 
dimply Uoos tuu make sense* Hieti CiMUrihution shiuild he 
a sttiHig otto based oh the tegititnacx ot theh inviitveinent 
atui the sHMnpetence they piissess iii dcvvUtpiitg a teacher 
eUucution program. 

A sitnilur pies sun* heinu exerted m leuehei education 
is the desire ol' the public thai educati>rs be held 
accountable loi theit product. Koran t^M points out: 
Indeed, il we describe the output 'M' a teacher 
education progruni in terms ol* fhltcj's, bvamiiHg, 
sevutity aiul iiivcphmi\\ mcunmas and suhfccU\it\\ 
we ate describing sociati/ution rather than teacher 
education ami Hud ourselves with no iustitlcation t\ir 
creating the institution of teacher education tor these 

purposes The utnbiguity of these goals or 

procedures has pettnitied a sioppiness in the teacher 
education enterprise which tlie public cannot and 
will not tolerate. 
To leflect that education is a socializing process may be 
accurate but to limit its deHnition to sucii a large context 
without specilyini' outcomes is a luxury we cannot alVord. 
John llcisey's observation that school is not just learnhig 
about lite it is lile itself is an appropriute description oi' 
teacher ed jcuii . as well. However* to ^lescrihe the 
expectation: we have for people we are reconnneiuling for 
inclusion in tiie teaching prot'essioii in nonvspecitlc terms 
is to do a disservice It •Ikmii as weM as to the public. 

The emphasis on accountability tiiat has been laid 
upon the teaciiing profession has contributed to our 
development of competency based teacher education 
programs. In the arguments wiiich have been made 
regarding C*BTIi it is inieicsting to !iote that virtually 
nobody had advocated tiia: teachers should be excluded 
from the process of identifying acceptable leaching 
behaviors. Tiie logi^' of including participants in any 
description of the activities of the pri)tession seems 
obvious. To exclude them from this process will not only 
rcsuli in a less valuable product, but also, it will 
perpetuate the separation of theory and practice. 

The argument that the preparatii>n of science 
teachers sluniid include early experiences with students is 
extensive and not new. Tliis position is supported by 
Kiuan (1073). the AAAS guidelines (PH^I and 1071). 
(iailagher ( 107.^). NSTA ( I%0) and others. The UPSTi:!; 
program at the University of Iowa [I?) is an example of 
an extensive effort to provide early experiences with 
siudenis jt^r prospective science teachers. The trend 
toward earlier Held experiences indicaiov' that it will be 
benef icial to form clo.se as.socialions with the schools and 
eominunitv in .satisfying the professional preparation 
requirements of teachers. 

The ideas which have been advanced in the first part 
ol this paper argue lor a combined effort in preparing 
science lea^'hers. Practicing teaclieis have a legitiiMate 
interest in who enters the profession and how the^ are 
prepaied lo make a positive contribution and to provide 
the lesources which aie necessary for presenting the most 
realiNiic instruction pt^ssible to student teachers. Howeve. 
the pmnt should be made that these contributions are not 
Iniiited to praciicing teachers and are equally attributable 
to colleec perstinnei. The distinctions between college and 
hij!h school teachers are nuue *ngani/a!iiMial than they are 
descriptors v>l coinpetetice. 

Ilie primary conditions in forming the type ol' 
ctjopeiative auafigemenl advocated in fins paper are: 
1. An attitude oi trust on ihe pait of eacti member 
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luwurd ItU own and itie liiticr inciuhers' cotttribu* 
tions ti) lite pre|iaration of teachers. 
2. An acceptutwe of the legitimate interest of ail 
members hi the preparation of teachers, 
A willingness of all members to sliare resources atid 
to invest ^otw of them in the preparation of 
leaehers. 

4. The production of an effective priigram o\ teacher 
education. 

I*ailure to observe the tnst three of' these conditions will 
result in a program which is i xploltive of some of the 
members. I'ailure to observe Ihe fourth will result in wo 
program since students wilt elect lo remain in a traditiimal 
sequence. 

The creation of a ''new Partnership arrangement** 
|15| is not sut'fictem to guarantee the development of an 
effective teacher education pn>gram. The willingness of 
Ihe university staff to change some of its traditional roles 
in preparing teachers and of the public schools to accept 
some responsibility for this activity are not suftlcient to 
prodtice a viable coi^perative. An effective cvioperalive 
teacher educatii^n puigram will exhibit the following 
characteristics: 

1. The program ofTers the .student alternatives in the 
activities he folUuvs attd the people with whom he 
works. 

2. The curriculum provides experiences which en- 
courage the discovery and development of ideas, 
values, and qtialities through personal involvement in 
real situations. Provision is made for experiences 
which encourage personal growth, 

3. The student teacher makes use of a wide variety of 
resources including some contact with age groups he 
does not intend to teach. 

4. The cooperating institutions have dual staff appoint* 
ment. College and public school personnel contribute 
ecjually to program planninn and to decisions 
affecting the operation of the cooperative. 

5. Recommending a candidate for certification is done 
from the cooperative rather than from either of the 
institutions alone. 

(). Inservice and preservice training are integrated. The 
role of the university stafT in inservice activities is 
much larger than it is in the traditional program. 

7. Methods and other professional courses are taught at 
the punlic school .site u.sing a programmatic, i.e., 
experience*based rather than didactic format. 

8. Tlie program is .sufficiently flexible to provide 
uiidef'ined options to the student teachers and to 
encourage change within the cooperative. 

There is relative independence from the bureaucratic 
structures of the institutions involved. 

10. There is a willingness on the part of the .staff to share 
in contributing to the success of the .student teacher. 

11. Supervision of student teachers is largely done by 
public sclu)ol StafT. 

12. Support is derived from all participating institutions. 
l.V (trades and recomniendatinns for student teachers 

are determined by the personnel most responsible for 
the activity being evaluated, 

14. There is .some formal connnitfiient of the institutions 
to the coopeiaiive center; e.g.. contract, dual staff 
appointments, biulget allocation etc. 

15. Tlie f'leld experience will extend over a period which 
is hmgei than the time allowed for student leaching 
under the traditional program. 



Tl)e ciuiperuiive model charactert/ed abtwe is nut the 
xmiy dcscriptiof) available. Kastmairs model (5j empha* 
sizes early exiwrieiices and a prescriptive type curriculum. 
The Portland. Oregon* Urban Teacher Kducatiott Project 
(121 has a lieav>' involvement in minority group and 
urban teaching. Marker (10) and Clark (.)| offer 
variations in location* program, and length of time. Dro/in 
(4) reviews an NSH supported inservice ciH)perative 
specitically to upgrade physics teaching. Ideallyi enough 
ciuiperativc relationships of a distinctive character would 
be entered into by a ci^llcge to offer a variety of 
alternatives ti> the student teacher. One of the strengths of 
this approach Wimld be the opportunity to isolate a few 
variables in teacher education and to establish centers 
where these variables could be implemented and tested 
nu»re discretely. 

Tlie benefits from sfiated tesponsibility of teacher 
education can readily be predicted from the character- 
istics listed previously. Si>me of tlicse would fall in the 
category of fultllling legitimate interests, increasing 
resources^ and providing more realistic experiences. 
Htwever. the purposes of this pafH?r are better served by 
describing a successful model of a cooperative center -the 
Cooperative Teacher Kducatiun Program (CTHP). 

CThP began in h)71 as an informal cooperative 
between the University of Illinois and High School 
District 214 (a district of eight high schools in the 
suburban Chicago area of Arlington Heiglus). Initially 
student teachers from science, mathematics, Knglish, and 
social studies were enrolled. Since that time it has 
expanded to include Northern Illinois University. 
Northeastern Illinois University, and five feeder ele* 
mentary school districts (25. 21, 23, 15, and 59). TIic 
pri)grani has also expanded to incl'i'le student teachers 
tVom most subjects commonly taught in high school. 
Since its inception, over 450 student teachers have 
participated and have been recommended to teach in 
seci)ndary schools. Tlie participants spend a full semester 
in the program and receive credit for the professional 
education component of their preparation including 
subject and general methods, history and philosophy, and 
when needed, educational psychology. Titles only serve to 
fill the university requirements for graduation as one 
cannot distinguish program activities or participants on 
the basis of receiving credit in a particular course. All 
students live within commuting distance of the public 
school area and are in the schools for the full 16-wcek 
program. 

The nature of the cooperative requires that each 
institution commit staff to the program. The roles of 
supervision and instruction are primarily assumed by 
personnel from the public schools. The university staff has 
direct involvement with the inservice activities of the 
district. As part of the university commitment, tuition 
waivers are provided to the public school staff for 
graduate level course work. Program planning is the shared 
responsibility of the university, public schoi)K and student 
teachers. After completion of the program, students are 
reciMumended to the state of Illinois for certification 
through the university where they are enrolled. The 
program is basically operated from subject-area groupings, 
but interdisciplinary activities arc encouraged as students 
Ncleci alternatives. All participants have contacts with 
elementary or junior high students by cither observation, 
tutoring, serving as a teacher aide, mini teaching, or 
choosing a portion of their regular student teaching in 
elementary or iunior high scliool classes. Supervision and 



instructiunul leadership arc provided primarily by public 
school teachers serving as subject area coordinators. These 
teachers arc released from a portion of their regular 
teaching day to priivide this input. At present there are 1 1 
subject coordinators. In addition, one person in each 
building is given released time to coordinate local 
activities. Tliere are three public school statT members 
responsible for the general i^peratlun of the program. 
Release time for subject and building coordinators is 
provided by interns from the universities. The university 
staff is in the public schoo! *ea for three days every two 
weeks. Tliere are nine university persons presently in* 
volved ill the CTliP program. 

As was mentioned previously, the university staff 
members work directly with the public school teachers. 
One of the inservice experiences developed in this manner 
\yas a laboratory mathematics program where teachers 
from all buildings were invited to develop activities and 
teach students in a demonstration center. Another 
program was a series of seminars designed to help the 
public school staff to develop techniques in self 
assessment. A similar etYort used the university staff to 
teach seminars in administrative techniques and problems. 
An allied 2*year program for developing administrators 
has also be initiated. Over 400 teachers have taken 
graduate course work and received tuition waivers as a 
result of the CTKP program. An interesting experiment 
was well received when the university staff was invited to 
perform departmental evaluations and to report the 
results to the departments for their analysis. 

Possibly one of the most distinctive features of the 
CTEP program is that it encourages student teachers to 
select their own cooperating teacher. For approximately 
the last eight weeks of the program, the student teacher is 
in an extended group situation with classes of high school 
or junior high students. He is informed at the beginning of 
CTEP that he is to establish a set of program goals for this 
experience and to find public school persons who are 
willing to work with him in seeking their attainment* The 
setting of these goals occurs over the initial eight weeks of 
the program. Assistance is provided by the subject area 
coordinator in helping to define the goals as well as in 
helping to locate resources. The evidence by Edgar (6) 
supports the CTKP staffs notion that this process should 
produce a greater encouragement for behavior and 
attitude changes in the student teachers. 

Tlie conceptual basis of CTEP is a set of components 
which describe the teaching behavior expected as 
outcomes of the program. These behaviors could be used 
to develop specific competencies, but at this time there is 
st)me hesitancy to do so. Tlie reluctance results from an 
uncertainty as to the efficacy of CBTH in beitig the best 
method for cnci)uraging personal growtli. A second 
question which is preventing motion in this direction is 
whether tlie anticipated benefit of further specifying 
behaviors would justify the etTort used in writing them. 

The following teaching behaviors have been identi- 
fied along with the activity designed to teach that 
behavior. 

1. To develop the candidate's awareness of the 
individual needs of students and their responses to 
curriculum decisi(msand teaching strategies. 
Associated activity: Mini-teaching. 

2. Self Awareness 

a. To develop the candidatess self*perception 
(particularly as it relates to the educatiinuil 
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prot'osHiun)i and lo develop his sensitiviiy lo 
stflRoiiccpt development in others, 

b. To provide the candidate with an opportunity 
Tor communicating with his colleagues about 
self and group identified needs. 

c. To provide an i)pportunity tor rcflecUon on 
personal teaching experiences in relation to role 
expectations, 

AssthiatCii ai'tivity: Human Relations Groups 
.V To develop the candidate's knowledge and skills in 
teacliing his subject. 

AsstH'iarvii actmry: Subject Area Seminars 

4. To develop the candidate's kmwledge about the 
Pi)litical. legal and societal characteristics of the 
institution of school. 

Associati'ii activity: InstitutiiHial Study. 

5. To develop the candidate's insights into the 
development of children and the progressive changes 
in tlioir capacities \o learn concepts. 

Associated activity: Elementary Teaching 

6. To provide experience with the mechanism of 
individualized instruction and its associated benefits 
and problems. 

AssociatCii activity: Individualized Instruction Unit 

7. Human and Institutional Awareness 

a. To define the candidate's assessment of his 
values and strengths through the analytical 
i>bseivation of a variety of schools, teaching 
fielc's, and grade levels. 

b. To develop an awareness of the specialized 
resources and techniques used in elementary and 
middle schools. 

c. To develop an awareness of the bri»ad individual 
and social influences on a student emanatinp 
from the community he lives in. 

Associated activity: Observation of the community 
and elementary, middle, and secondary schools. 

8. To develop the candidate's ability to make decisions, 
initiate programs, establish goals, select cooperative 
colleagues, and succeed independently. 
Associated activity: Election of program of extended 
group teaching aiid cooperative staff. 

^. To develop the candidate's experience with normal 
classroom management over an extended period of 
time. 

Associated activity: Extended group tcacliing 

10. Self Direction 

a. To provide the candidate with an opportunity 
to direct his experience in CTEPand to provide 
leadership to the program. 

b. To increase the candidate's ability to self- 
determine his activities when contnWled by an 
organized institutiim. 

Associated activity: Participation in the Planning 
Committee 

11. Evaluation 

a. To develop the candidate's competence in 
making conclusions about his experience in 
teaching and its potential for satisfying his 
career needs. 

b. To assess the behaviors and potential of 
individual candidates with reference to the 
teaching profession. 

c. To generate data in order to judge the efficacy 
of the CTEP model for teacher education. 

Associated activity: Evaluation Seminars 



12. Alternative Education 

u. To help the candidate develop the skills 
necessary for discovering learning experiences 
available to students within the community. 

b. To develop the candidate's ability to assess tlie 
appropriateness of various community experi- 
ences, 

c. To help the candidate develop selection criteria 
for student participation in community ex- 
periences, 

Associated activity: Instructional Settings 
In more than two years of operation, CTEP has 
undergone considerable program evaluation. Perhaps one 
of the advantages of this type of effort is the fertile 
ground it ofTers for research. Four doctoral studies have 
been made and an extensive evaluation of attitude and 
behavior change was done by the University of Illinois. 
The evidence which has been collected supports the 
conclusions that the program is: (a) at least as effective in 
developing teaching skills as is the tradilional program: (b) 
the participants exhibit a positive attitude toward CTEP; 
(c) CTEP has generated enthusiasm and behavior change 
on the part of the involved public school personnel; (d) 
student teachers perceive the experience as a realistic 
introduction into teaching. 
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SESSION P 

OBJECTIVES AND IMPLICATIONS FOR PRE- AND 
INSERVICE TEACHER EDUCATION 

Betsy A. Bal/ano, Department of Curricuhmi and 
Instruction, State University of New York, Brock- 
port 

Probably most educators would agree that measure- 
ment and evaluation are two of the important compo- 
nents of the instructional process. Tliere would h^ little 
argument over the position that educational objectives 
and learning experiences are closely related and that in 
practice the objectives of both instruction and evalua- 
tion differ only when the purpose of evaluation becomes 
the judgment of achievement at the termination of a 
segment of instruction. However, if you take the 
positunu as 1 do, that in order to design meaningful 
instructu)n and ovahiation, objectives should be stated in 
behavioral terms then cinitroversy enters the scene. 

Dissent can serve many positive functions, and 
certainly the many heated discussii)ns concerning the 
relative merits and value of behavioral objectives have 
opened more lines of communication as opposed to 
ch>sing them. If you are actively engaged in teacher 
education at either the inservice or preservice levels, the 
hehavii)ral objectives issue is one that you have to face. 
Yi)u may chi)ose: 

1. \o ignore them, for passive resistance has bten 
known to do violence to the existing order. 

2. to tight them and their proponents and generate 
statements concerning the triviality, mechanism and 
lack of humanism that the use of behavioral 
objectives may promote. 

.V to examine the issue in light of an instructional 
model. 

James Popham (2| has listed the following ten 
roastMis educators have against the use of behavioral 
objectives. 

1. Trivial learner behaviors are the easiest to opera- 
tionali/e, hence the really important outcomes of 
educatiiHi will be underemphasized. 

2. Prespecitlcation of explicit goals prevents the 
teacher from taking advantage of instructional 
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opportunities unexpectedly occurring in the class* 

room. 

3. Besides pupil behavior changes, there arc other 
types of educational outcomes whicli are important, 
such as changes in parental attitudes, the profes- 
sional staff, community values, etc. 

4. Measurability implies behavior which can be objec- 
tively, mechanistically measured, hence there must 
be something dehumanizing about the approach. 

5. It is somehow undemocratic to plan in advance 
precisely how the learner should behave after 
instruction, 

6. Tliat isn't really the way teaching is; teachers rarely 
specify their goals in terms of measurable learner 
behaviors; so let*s set realistic expectations of 
teachers. 

7. In certain subject areas, e.g., fine arts and the 
humanities, it is more difficult to identify measur- 
able pupil behaviors. 

8. While loose general statements of objectives may 
appear worthwhile to an outsider, if most educa- 
tional goals were stated precisely, they would be 
revealed as generally innocuous. 

9. Measurability implies accountability; teachers might 
be judged on their ability to produce results in 
learners rather than on the many bases now used as 
indices of competence. 

10. It is far more difficult to generate such precise 
objectives than to talk about objectives in our 
customarily vague terms, 

Popham has already eloquently addressed himself to 
each one of the above threat-potentials. There is no 
need to rehash the same segments here. I do want to 
attend to some of the issues with which he did not deal 
and also describe some of the ways that behavioral 
objectives can be treated at the preservice and inservice 
stages of teacher education. 

Unfortunately some teachers have developed in- 
tensely negative attitudes toward behavioral objectives. 
Many of the negative associations arise from the pressure 
on teachers from agencies such as state departments of 
education and school administrations which forced 
teachers to produce gargantuan lists of behavioral objec- 
tives for their specific courses. In most cases, they vvere 
given little guidance or direction and certainly no time. 
The great lists were dutifully produced and subsequently 
filed in the vast paper polluted offices of these agencies 
to be ignored more often than not. Since the easiest 
student behaviors to translate into behavioral terms are 
at first glance the most trivial, it is not surprising to find 
that most of the behavioral objectives produced under the 
above stress conditions tend apparently to deal with 
ininutia. One point to keep in mind when reviewing 
such lists is that specificity and triviality in stating 
behavioral objectives are not necessarily the same thing. It 
is quite possible that, looked at individually, a behav- 
ioral objective may appear to be trivial, but the total 
collection of behaviors may not be trivial. 

Ralph Tyler recently stated that the behavioral 
objectives movement has bogged downOj. According to 
Tyler, there are two possible causes for th:s bog-down. 
In the earlier part of the century, learning v^as viewed as 
the building of connections between specific stimuli and 
specific responses. Tliis view led to the listing of literally 
thousands of objectives for a school subject. These lists 
were short-lived for two reasons: teachers had difficulty 
keeping so many objectives in mind and studies of 
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human (earning indicated that students could generalize 
learning from concrete experiences {3| . A second possi* 
ble cause is the confusion between **clarity of defini- 
tion** and ••specificity;' Tyler maintains that ••an educa- 
tional objective does not need to be specific in order to 
be clear, attainable, and capable of assessment/* (3) 

The notion of clarity and specificity in statements 
of objectives is an interesting one. Let us assume that 
the critical triumvirate in ihe instructional process is 
composed of behavioral objectives, learning experiences, 
and measurement/evaluation activities and that behav- 
ioral objectives are the main determinant in planning the 
learning experiences and evaluating them both in terms 
of instructional success and pupil evaluation. How 
specific the behavioral objective needs to be is really 
dependent upon its purpose. For example, if the intent 
of the teacher is that students recall, identify, or define 
specifics^ then the behavioral objectives of the instruc- 
tion should refiect this intent. However, if the intent of 
instruction is that students should apply principles, 
formulate hypotheses, or analyze problems, tlie behav- 
i()ral objectives will be more than a list of specifics. 

Whether or not an objective can be stated in the 
full-blown form a la Mager is probably a matter of the 
nature of the objective itself. St)metimes it is difficult to 
state precisely the conditions and the desired or accept- 
able level of performance for an objective. However, it is 
essential for the teacher planning instruction to consider 
the kinds of behaviors he/she expects the learner to 
exhibit at the conclusion of the instruction. Stating 
objectives in terms of behaviors helps the teacher to 
design the appropriate kinds of instructional experiences. 
It also has the advantage of constantly reminding the 
teacher tu be critical of himself/herself by posing such 
questions as **where am I going?'\ *'what do I really 
want my students to be able to do?*\ and '•how do I 
know if I have succeeded?'' 

One of the complex tasks both the inservice and 
the preservice teacher are presented with is pre-stating 
the objectives for an instructional sequence with which 
the teacher has not had teaching experience. Assuming 
such a task is overwhelming, considering all k f the 
commitments on time that the teacher already has. 
Attacking the task in small steps, however, not only 
allows the job to get done, it also reduces much of the 
ctnuplexity and anxiety. Instead of demanding that a 
complete set of behavioral objectives be produced at the 
outset, it is more reasonable to first have the objectives 
stated in general terms of the kinds of behaviors desired 
after instruction and the expected behaviors necessary 
pri*)r U) instruction. More specific objectives can be 
stated as each segment of instruction occurs. As instruc- 
tion proceeds the additional objectives that are achieved 
but were not pre-stated should be identified and added 
to the set. As the evaluation of learners takes place, 
criteria for appropriate levels of performance can be 
determined. By nujdifying and refining objectives over 
subsequent presentations of the instructional sequence 
previse i^bjcctives can be produced. Doing a small part 
o\' the task o\' developing behavioral objectives well is far 
superior lo diung 100 percent of tfic task and pro- 
ducmg useless material. 

One of the problems I have had to deal with at 
both the preservice and inservice stage of teaclier 
educatuni is the published lists i>f behavioral objoctives 
that have been pnuluced. Although many i>f the i>bjec- 
lives may be useful m e\amining i)biectives and selecting 



Intents^ they generally fail to be useful for the following 
reasons. In many cases, the objectives have not been 
written with specific pupils in mind. Tliey divide the 
behaviors into such minute specific tasks that the 
relationship between specific learning tasks and the total 
leartjing experience is lost. Objectives can be formulated 
in terms of a specific subject, general student popula- 
tion, and community* but specific course objectives can 
be written only by the individual who has had exper- 
ience with the overall goals, individual needs* and 
abilities of particular students. The teacher should not 
be required to utilize objectives developed by other 
people. The objectives he/she uses should be those 
established by the interacticms of the teacher, the pupils* 
the subject, and the school-community environment. 

One method of dealing with behavioral objectives 
that both inservice and preservice teachers have found 
useful is to analyze existing instructional materials and 
evaluation instruments for the objectives or the apparent 
intent of the materials. If there arc statements of 
objectives that accompany the materials, then these can 
be compared with the objectives that the individual 
analyzing the materials has listed. This activity often 
helps to clarify intents of instruction and also to give 
direction to the kinds of activities that need to be part 
of the instruction if the intents are to be realized. The 
teacher also has the opportunity to question the 
objectives of the materials to decide whether they arc 
appropriate for the students involved and whether they 
are important. 

With practice most of the inservice and preservice 
teachers with whom I have dealt become quite adept at 
stating objectives in terms of behaviors. Deciding 
whether or not all students should be required to attain 
the same objectives is another facet of the issue. With 
the current emphasis on individualized instruction, this 
is an important question. There are common sets of 
objectives that all students should achieve. But this does 
not necessitate that all objectives be achieved by all 
students or that certain behavioral objectives cannot be 
designed for individual students. Requiring common sets 
of behavioral objectives also does not mean that all 
students must follow the same sequence of instruction. 
Alternate learning experiences can be provided to 
achieve the same learning outcomes. 

Closely related to the question of whether or not 
all students should achieve the same objectives is at 
wliat level should the achievement be established. If 
mastery of an objective is a prerequisite to the achieve- 
ment of subsequent objectives which are deemed essen- 
tial, then all students should be required lo achieve 
mastery. But if subsequent achievement is not so clear 
cut, then varying levels of mastery are more appropriate. 

If an objective is considered to be important for all 
students to attum, then the task of the teaclier educator 
dealing with the preservice and inservice teacher is to 
provide as much opportunity as possible for using and 
designing alternate methods of instruction. Most texts 
dealing with behavioral objectives are quite useful in 
instructing people how to write objectives and as guides 
of sources of objectives, but few, if any, deal with the 
alternate pathways of instruction which could be used to 
achieve the same objective. 

(iiven the variations in the learning styles of 
individuals, if only one mei!iod of mstruction is used to 
achieve an objective, no matter how excellent the 
instructional method and how well stated the objective 
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may be. it is doubtful that ail students will achieve an 
acceptable level of performance. It behooves the teacher 
educator to seriously deal with different modes of 
instruction for the same objeciives so that the objectives 
can really provide more meaningful instruction for the 
students. 
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SESSION Q 

LEARNING THEORY AND RESEARCH: ESSENTIAL 
INGREDIENTS IN TEACHER EDUCATION PRO- 
GRAMS 

John J. Koran, Jr., Chairman, Science Hducation 
Department, Institute for the Development of 
Human Resources, University of Fh)rida, Gainesville 
and William G. HoIIiday, Department of Fducation, 
University of Education, University of Calgary, 
Alberta, Canada 

There are many ingredients which are either advis- 
able in or essential to a teacher education program in 
science, A knowledge of learning theory and the 
research which forms the basis for practice are two, 
among many others, which are a response to a number 
of reaUiies. First, newly trained graduates of our major 
insf^tutions for teacher education arc, for the most part, 
no more competent to manage modern science courses 
than those of fifteen years ago|20|. At the same time, 
wc are entering a new generation of curriculum develop- 
ment and implementation which places greater demands 
on the beginning teacher. Thus, teacher education 
programs of the 70*s and 80*s designed to teach the 
science of the 60*s are largely obsolete. In respon,se to 
these rapidly changing cultural and educational realities 
Hard |20| suggests the following major goals of a 
science teacher training program: 

1 ) developing an understanding of the changing 
character of the scientific enterprise; 2) devel- 
oping an understanding of the place of science 
in society: 3) developing an understanding of 
the nature of knowledge in the sciences: 4) 
developing an understanding of the learning of 
science-based knowledge; 5) developing an 
understanding of the philosophical basis t^f 
science education and the rationale for curric- 
ulum choices; and 6) developing and under- 
standing of the valuation of goals and similar 
topics. 

Although these broad goals are interrelated and difficult 
It^ consider as separate entities this paper attempts to 
ctuicenirale cui the nature of knowledge in science, the 
learning of science-based knowledge, and the kinds of 



science teacher candiates and curricula needed to achieve 
these goals. 

TTie composition of teacher education programs is a 
complex and controversial mixture of ingredients as 
illustrated by the practices of 1,200 institutions in the 
United States and 100 in Canada.[91 Theoretically, 
these programs are based on educational needs which 
in turn dictate the nature of their Ingredients, In science 
education* the aforementioned needs would be para- 
mount. One commonly held objective is that teachers 
should arrange the conditions for, and produce, student 
learning. Student learning as Turner 142) describes it is 
what good teaching is all about: 'Teaching may occur 
without learning and learning may occur v/ithout 
leaching. They arc not, however, valualionally indepen- 
dent. Teaching is valued when i: eventuates in learning 
and not otherwise. That is why we ,spend so much time 
worrying about teacher effectiveness,'* (p. Ill) 

McDonald (29| conceptualizes good teaching in 
terms of a decision-making teacher behavior model 
based on Coladarci*s( 10) concept of the teacher as an 
effective, instructional hypothesis-maker who facilitates 
student learning by choosing appropriate curricular 
objectives and designing Instruction accordingly, The 
resulting plan for learning represents a flexible set of 
principles that determine the icachcr*s behavior toward 
predetermined goals rather than a set of mcchancial 
rules which can only lead to ineffectiveness in the 
classroom (6), (3<^j. Tlie success of alternative teaching 
strategies can only be evaluated in terms of learning 
situations and the effects they produce. 

Since the goal of McDonald's teacher behavior 
model is to^ facilitate learning, the model suggests an 
awareness of the conditions most likely to be successful. 
By employing relatively reliable and valid information, 
the teacher increases his probability of success in the 
classroom. Decisions based on sound theoretical and 
empirical knowledge are likely to be both rational and 
responsible. 

In a later conceptualization McDonaldl30| portrays 
teacher behavior as a complex interaction of teaching 
operations, organization of content, and type of con- 
tent. In short, the successful science teacher nuist 
understand, and appreciate, the conditions under which 
learning takes place with reference to specific goals. 

Teachers should be familiar with and able to 
interpret the results of educational studies and their 
relevancy to particular learning situations, The need to 
tic educational theory and research together has been 
argued in detail as it relates to science education, (191 
Koran, (23| 25, Gallagher (15j, Welch [431, and 
Shulman and Tamir,(38l have reviewed selected research 
and development efforts in science education and gener- 
ally agree that the present mass of work in the field 
sujigests an absence of theory directed research, or 
efforts to put the results to Practical use. At the same 
time, (iagnc |I3I, Baldwin f2], Berliner and Cahen (5|. 
and Merrill and Boutwell [321 discuss learning theory and 
research relevant to classroom practices and conclude 
that a competent teacher must be familiar with empiri- 
cally derived relationships between various instructional 
strategies and learning. 

Learning research and theory in science education 
programs are neglected becau.se: 1. science curriculum and 
instruction materials from kindergarden to college are 
written to best display the ''structure of .science** without 
regard to whether this is the way science is best learned. 2, 
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understanding leariniig as it relates to the science class- 
room is not an easy task. As Turner (42) points out, it 
takes a *'very intelligent teacher'' to make the decisions 
necessary in an interactive inslruciional situation. Yet this 
is ilie major function of a teacher at any level ofinstruc- 
iii»n. It slu)uld also be a major topic in the science 
methods course. As Clark (Sj opines: 

Daily, teachers at every age level present a 
variety 4)i' concepts to from 20 to 35 children. 
The materials and procedures used by several 
teachers, each presenting the same concept to 
his own class, represent startling variation, as 
does the same teacher presenting two different 
concepts to one class. Additionally, teachers 
appear to have considerable difficulty muster- 
ing rationale for the materials they select 
and pri)cedures they follow in any given con- 
cept-presenting experience. With this amount 
of variation and dearth of rationale, some if 
nut many of the procedures followed in 
classroom concept formation must be less than 
etTective. (p. 253) 
Science teachers should understand the theoretical 
rationales that interpret research findings in the same 
way that scientists must understand a theory prior to 
interpreting empirical findings. There is little choice of 
reactions except in the theories that lead to rational 
decision making. 

Teacher Education Programs in Science 

Any program of teacher education in science must 
take into account the dynamic nature of society, 
educatiimal goals, the character of learning, the curric- 
ulum and the pupils. College professors of science 
education as well as the teachers they work with 
require skills that permit them to change with society. 



The Teacher 

1. Only the brightest, the most highly motivated and 
committed science students should be recruited as 
science teacher trainees. Considerable evidence sug- 
gests that highly verbal teachers are most effective 
with all students including disadvantaged and low 
verbal students. As Jcnsen[211 and others have 
found, a highly reliable predictor of a wide range of 
performance is verbal fluency. Efficient teacher 
training methods frequently emphasize acquisition 
of verbal and other skills through verbal communi- 
cati(m, again placing confidence in learner verbal 
fluency and a demand on it. It is not unlikely that 
if one starts with a highly verbal person, one is 
likely to optimize the probability of producing an 
outstanding teacher. Motivation and commitment 
are important associated factors to consider in a 
time of an overabundance of teachers. 

2. Science teachers should be trained as a decision- 
maker, a hypothesis tester, and a risk taker to con- 
duct, or participate in quality research relevant to 
classroom needs. College researchers cannot be 
expected, nor are they always qu.Viitled to ask the 
most productive research questions and to perform 
all of the dimensions of necessary investigations. 
They need the help of in-school personnel. Cron- 
bach and Suppes (12 j describe two kinds of research 
appropriate for classroom teacher investigation: 
"conclusion-oriented'' and ''decision-oriented'' in- 



quiry. Conclusion«oriented research examines basic 
and applied empirical questions designed to explore 
freely a variety of parameters and to contribute, in 
a general fashion, to understanding of educational 
practice. Decision-oriented inquiry examines rele- 
vant questions related to educational products and 
is more likely to have an immediate effect on a 
teacher's decision, 

3, Tlie science teacher must not only be capable of 
mastering data gathering activities, and repi)rting in 
professional journals of the practical findings in 
areas of student learning, instructional design and' 
evaluation, but must also be provided with the 
skills to permit a critical approach to teaching and 
learning within and beyond these areas, Kach 
prospective science teacher whose skills and interests 
permit hypothesis testing in each of the areas repre- 
sented should be thought of as an extension of the 
research activities of the teacher training institution. 
Concept formation Pella 135 j, Koran [27] is criti- 
cal to learning in every discipline. Concept learning 
requires that the learner associate words or events with 
objects or characteristics and make decisions regarding 
which objects or events, because of congruent character- 
istics, either belong or don't belong together. Low level 
concepts Involve making a common response to a group 
of similar stimuli. 

Concept formation requires observation of a wide 
range of characteristics, in order to select those which 
appear similar or different and to attach a name to the 
resulting "concept'' Koran [271. The processes involved 
are observing, classifying, inferring, hypothesizing, gener- 
alizing within groups of similar objects or events, and 
discriminating between dissimilar objects or events that 
characterize the concept or its negative examples, A 
concept such as system or subsystem would be devel- 
oped in the curriculum by providing many verbal 
association and discrimination tasks which the concept 
would depend on. An eco^stem then, would require 
acquisition of lower levels of knowledge such as identifi- 
cation of the organisms in it, and biological relationships 
such as parasitism, or predation, and finally the forma- 
tion of the concept "ecosystem." This concept is further 
refined throuj^ the use of appropriate non-ecosystem 
discrimination examples. 

Science education should help the teacher trainee 
to recognize the myriad of concepts in science -their 
relationships with other disciplines, with the individual 
and society -and their application in teaching and 
decision-making. The decisions required demand informa- 
tion from a multidimensional learning and teaching 
environment which the teacher niust be trained to 
stimulate and derive feedback from. Performing as a 
filter, information processor, decision maker, hypothesis 
maker, data collector, and systems designer and rede- 
signer are skills which can be operationaiized, taught to 
teachers, and be identified when learned, 

4, The aforementioned discussion suggests that clinical 
diagnosis is an essential feature of science teacher 
traming. Small group instruction and individual 
tutorial situations are analogs of microteaching 
Koran [24] [26], If the teacher has experienced 
this approach in his own teacher training program 
the technical knowledge of microanalysis and in- 
struction can be transferred to use with school 
pupils. Isolating a small number of pupils with a 
given set of well-defined instructional materials and 
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anticipuied outcomes permits the teacher to gather 
data and make subsequent decisions based on the 
interface between teacher pupil, pupil -♦punil, 
and pupil material as observed under controlled 
conditions. 

The CunivuNm 

Karlier it was suggested that two types of curricula 
must be considered: the curriculum for the teacher 
trainee and the curriculum for the teacherN students. 

1. Science teachers should gain a technical knowledge 
of learning theory, the conditions for learning, 
developmental psychology and knowledge of relevant 
research findings in these areas from science methods 
courses. 

2. Science teachers should be able to identify and 
demonstrate their skill in information search, selec- 
tion » and processing and have practice in 
decision-making relative to both histruction and 
curriculum development. Science methods courses 
should provide the topics, setting, and student 
challenges for the acquisition and performance of 
those skills. 

3. Science teachers should be able to demonstrate a 
wide range of verbal and nonverbal behaviors 
(skills) relative to teaching science, and using the 
i«H)!s of science within science methods courses. 
Continual feedback from trained supervisors should 
maintain the levels of behaviors that are acquired 
for years after training. 

4. Science teachers should be able to generate and test 
hypotheses about the effects of teacher behavior, 
curriculum materials, and student learning through 
science methods courses which encompass exper- 
iences in instruction and guidance as conditions for 
learning with schools and children. 

The curriculum for the education of science 
teachers should take place in a context where students 
are an integral part of the training procedure. Micro- 
teaching (Koran (24), (261) provides one context for 
achieving many of the above objectives. Multimedia or 
audio-tutorial approaches, if carefully designed, appear 
to have both theoretical and empirical support. 

The instruction of teachers of science should 
emphasize those kinds of knowledge that have maximum 
generali/ability. For example, teachers should be familiar 
with teacher behavior research related to student 
achievement (Rosenshine [361). They should be able to 
identify teacher behaviors that correlate highly with 
student success and to relate those variables to appro- 
priate goals (Koran (251 ). Just as the early curricula in 
science for students emphasized conceptual and process 
kriovvledge to the exclusion of extensive memorization 
of facts. Si) must the curriculum for the teacher be 
developed. It is theoretically and empirically folly to 
teach teachers how to teach by teaching them the 
curricula their elementary students or their secondary 
students will be learning. In the former case the teachers 
are adults and, if carefully selected, should be in the 
'•ypothetical stage of developntent. Consequently, many 
ol the process responses of a curriculum such as Science 
• A Process Approach are in their repertoire of responses 
and need only to be identified, defined, and reinforced. 

Modular instruction, v/hile it does permit preservice 
teachers to progress at their own rate, still exposes 
candidates with a variety of backgrounds to the same 
materials in the same ways. As Bruce Joyce points our 



"module nonsense is stjil module nonsense'\[221 This 
rather cynical evaluation is prompted by the reality that 
a student learns about one set of materials, in a 
contextually confined situation without any of the 
intellectual substructure or theory and research to make 
the module meaningful. Modular development is costly 
in time and riioney, lacks interest for both the developer 
and the students exposed to the module, and, most 
damaging, does not present material that has the greatest 
utility for a student in a usable form. 

Similar criticisms could be made for secondary 
teachers using secondary science curricula. For one 
thing, most secondary science teachers have a compre- 
hensive background in the content of science and it is 
insulting to ask them to learn what is in a high school 
text. For these people, learning theory and the results of 
studies using science content and learners are critical 
curriculum components. 

In addition, they should learn the verbal and 
nonverbal skills necessary to use a single concept file, 
the probing, prompting, and cuing skills essential for 
managing a laboratory and doing research with a 
laboratory block topic. For both of these types of 
teachers-in-training the learning laboratory is their major 
referent, not the science laboratory. In the learning 
laboratory, under controlled conditions and with school 
age students they learn how to use the equipment and 
content of the science laboratory to promote student 
learning of the conceptual and process components of 
science. 

Finally, the curriculum for science teachers should 
emphasize the rapidly changing world and the role 
science plays here. This prescribes certain types of 
learning that will facilitate the teacher, as learner, in a 
changing world and permit incorporation and illumina- 
tion of continually changing knowledge, values, and 
conditions in an individual and socal context. 

School Students 

Our efforts of the late 50's and f O's in curriculum 
development accomplished their apparent goal of up- 
dating the content of school "cience materials and 
making it representative .>f science as the scientist sees 
it. Hi>wever most of tiic materials that have been 
developed, with the exception of Project Physics, Science 
- A Process Approach, School Curriculum Improvement 
Study and Conceptually Oriented Program in Hlementary 
Science, amply demonstrate the lack of attention to 
how pupils learn and how materials can be devised to 
optimize learning. It was fashionable in the "old days'* 
for professors of science whose productivity in their 
own field had reached a plateau to turn to science 
education. These people became the leaders of the 
curri:ulum revolution and teacher training programs of 
the 50's and 60's and in our judgment have caused 
serious damage to instruction in science. While serious 
learning research was taking place around the country 
on concept formation (Palla [35]), advance organizers 
(Ausubel(l ] ), and observational learning (Bandura|3|, 
(4] ): those developers generally acted in a quite unscie- 
ntific way and utilized intuitiim (an old educational 
trick) rather than data to guide their efforts. Where in 
the textbooks for students do we see the use of advance 
organizers? Where can mathemagenic behaviors (Roth- 
kopf[37l) be observed? How many curricula took 
advantage of the elements oi observational learning 
(Bandura, [3) (4)) or the knowledge we have about 
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concept formation (Gagn6, (14l,Glaser, (16l;Mechner 
(31]). Precious few. It is no surprise that today, what 
used to be the most exciting course in the schools, 
science, has become dull, routine, and cookbook in 
nature. Textbooks and laboratory manuals are not 
designed with learning research outcomes in mind, and 
self-paced programs become a race to see who can fill 
un the pages in the ISCS workbook fastest. And sadly, 
teachers have few if any of the skills necessaiy to design 
or manage instruction. 

The world is rapidly changing (Odum, [34]), 
Science education is also in need of a revolution. The 
training of its teachers must become empirically based 
rather than intuitive and incorporate characteristics 
which facilitate the teachers' attempts to stay current. 
Curriculum materials for both teachers and their stu* 
dents should reflect the research taking place around the 
country (Novak 133} , Holliday (181) and the changes in 
the world which have science and/or technological 
underpinnings. And» greater attention must be focused on 
the school student - the ultimate consumer. It is 
unreasonable » unethical, and deceptive to continue many 
of the practices of the 50's and 60's in the 70's and 80's 
and beyond. 

Cronbach's [12] discussion on the importance and 
urgency of doing educational research reminds us that: 
The improvement of education rests first of all 
on commitment to the belief that the life of 
every individual and every nation, and society 
as a whole, can be lifted to a higher plane of 
significance through cultivation of the intellect. 
But improvement will be slight if educational 
efforts are illuminated by goodheartedness 
alone. It is a cruel hoax to hail unsubstan- 
tiated method as a cure for an educational 
deficiency; to adopt it is only to delay the 
search for underlying causes and for treatments 
matched to these causes ... But the intellect 
takes up its proper duty when it tells us how 
education and learning proceed, when it tells 
us why one apprt>ach works and another does 
not, when it identifies the variables thai we 
must adjust to achieve a prescribed effect. 
Learning theory and research must be considered essen- 
tial ingredients in teather educatii>n programs if know- 
ledge about how children learn is to be effectively 
accumulated, disseminated, and appropriately utilized in 
the science classroom. Once this small step is taken, 
both teachers and pupils can walk iwio the future with 
the confidence that they can cope. 
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SESSION S 

A PHILOSOPHICAL-PSYCHOLOGICAL MODEL FOR 
TEACHING SCIENCE AND ITS ARTICULATION 
WITH CONCRETE CLASSROOM ACTIVITIES 

Charles M. Weller, Secondary and Continuing Edu* 
cation, University of Illinois, Urbana 

**Wliat happens in school is that children take in 
these word strings and store them, undigested, in their 
minds, so that they can spit them back out on demand. 
But these words do not change anything, fit with 
anything, relate to anything. They are as empty of 
meaning as parrot-speech is to a parrot." (Holt, 1964, 
[4]) 

The ring of tri th in Holt's words cannot be denied 
by anyone who has been deeply involved with schools at 
any and all levels. It is obvious that students do learn 
abstract models and they do learn to operate logically 
with abstract symbols. It is also obvious that students 
perceive and learn to deal with concrete phenomena, 
simply out of the necessity to function in a real world. 
They develop their own personal frames of reference by 
interweaving experiences unique to them with ideas 
acquired from others. 

Too often, however, abstract models that students 
learn in school are not working models - working 
models usually evolve from some other set of exper- 
iences. In science it is not unusual for students to defer 
articulating abstract models with concrete phenomena 
until they have begun their doctoral research. In 
education, articulation may not occur even at the 
graduate level. 

Revision of the programs and conditions which 
have led to this apparent schism between the abstract 
knowledge and actual performance seems to be the only 
viable solution. We can improve the parts of the 
educational system which fall within our realm of 
influence and which can potentially lead to improve- 
ment in other parts of the system. Teacher education 
programs fall into this category. 

Teachers themselves must have a pervasive under- 
standing of science in addition to a facility for designing 
and employing teacher strate;J'^s and techniques that are 
conducive to teaching specific types of knowledge. Tliey 
must develop a comprehensive understanding about how 
people acquire certain types of knowledge. 

What is needed is a well-articulated theory of 
science education that would provide science teachers 
with a comprehensive and coherent framework for 
interpreting what is happening in the classroom and for 
making prudent decisions about what should He done 
next. Such a theory is essential tor tlie development of 
coherent personal frames of reference and as a basis for 
meaningful communication witliin the teaching com- 
munity. 

The psycho-opistemological model described in this 
paper is an attempt to bridge tlie gap between abstract 
knowledge and concrete experience by integrating some 
of the ideas presented by psychologists, scientists, and 
philosophers of science into a conceptual model for 



teacher use, The model is a genetic psycho-epistemolog- 
ical model of knowledge that integrates the development 
of a personal knowledge with the development of 
cultural scientific knowledge. 

The ultimate source of all scientific activity is 
natural phenomena; that is, objects and events (inter- 
actions among objects). People with little scientific 
background have internalized assumptions that are 
often: (a) independent from one another and applicable 
only to specific situations, or (b) unduly based upon or 
inlluenced by social, religious, or cultural experience 
acquired through communication with others rather than 
througli direct experience. This lack of direct encounters 
with natural phenomena often results in inconsistent 
behavior which tends to be ineffective, inefficient, and 
somewhat less than satisfying. 

Scientists, on the other hand, assume that a 
systematic organization for perceiving, organizing, and 
dealing with the structure of objects and occurrence of 
events directly is both feasible and desirable. Scientific 
knowledge is the fruit of this effort. 

Because science is a human activity, scientific 
knowledge is a liuman creation communicated to other 
persons or stored for future reference through symbols. 
As a language of symbols scientific knowledge becomes 
a part of our cultural heritage- to be used, abused, or 
ignored. Studying this evolution is a genetic, develop- 
mental, or historical approach to the epistemology of 
science. In contrast, logical empiricism, might be likened 
to taking a "snapshot*' of the scientific enterprise at 
some moment in time and analyzi?ig the logical interrela- 
tion of various elements, Tlie genetic approach, best 
exemplified by Kuhn (1962) (5], and Bohm (1965) 
(2), is a dynamic analysis of the activities of scientists 
and scientific knowledge particularly well suited to 
teaching science to children. 

During early stages of development in any field of 
science, categories of objects and events and classifica- 
tion systems are formulated to facilitate the search for 
consistency in the types of interactions that occur 
among a selected set of objects under a given set of 
conditions. Such a consistent relationship is designated 
an empirical law. 

Thou^i everyone engages in abstracting and gen- 
eralizing, it only becomes a scientific activity when a 
decided effort is made to: 

1. explicitly state the characteristics that are ab- 
stracted: 

2. designate the conditions under which they apply: 
and 

3. continually check the resulting generalizations 
against new observations. 

A set of generalizations formed in such a manner 
provides us with a basis for effectively predicting events 
under specified conditions. 

To avoid extensive memorization, a major quest of 
scientists is an abstract set of relationships (a theory) 
which will provide some pattern or order for empirical 
generalizations. Tliesc logically consistent abstract pat- 
terns of relati(ms make it possible for scientists to deal 
effectively with problems that arise in the natural world, 
provide science with its aesthetic value, and point 
toward potentially fruitful avenues of scientific investi- 
gation. 

Usually a mathematical model, such as calculus, 
provides a logical fiamework for the assumptions and 
postulates upon which the theory is based. Meaning 



within the mode! is syntactic, that is, it is determined 
by interrelationships among its elements, The model, 
which need not be linked with real objects or events, 
consists of rules governing the operations performed to 
establish or change interrelationships among the various 
elements of the model, . 

Tlieories, on the other hand, are logical symbolic 
explanative systems. Even though logical models are 
used to provide a logical framework for theories, and 
thougli theories do contain abstract elements, a theory 
must contain articulating links which provide contacts 
between various elements of the theory and experi- 
mental evidence, empirical laws, etc. What is important 
is that one recognize that various elements or segments 
of the theory must be psychologically linked to natural 
phenomena, whereby these elements acquire semantic 
meaning. 

Tlie fundamental assumptions or postulates upon 
which a scientific theory is built are not simply 
abstracted from data acquired through previous exper- 
ience, as are empirical laws. Sometimes it is possible to 
explain empirical relationships or to suggest and explain 
relationships between otherwise seemingly unrelated phe- 
nomena by postulating theoretical constructs, i.e., enti- 
ties or relationships which have not been directly 
observed. Also, in the process of performing operations 
which are allowed by the logical model, certain relation- 
ships among the various elements often occur again and 
again. Such tlieoretical concepts (MV and MV^, for 
example) are often identified by attaching a name to 
them (in these cases, momentum and kinetic energy). 

There is no scientific meaning for a theoretical 
construct or theoretical notion apart from the theory in 
which it is implicitly defined. Even though some terms, 
like electron, continue to be used when the encom- 
passing theories are revised, the meaning of the term 
changes from theory to theory. This is true simply 
because entities that are implicitly defined are changed 
as the assumptions and the postulates underlying the 
theory are changed. 

As earlier stated, some elements of a theory must 
be articulated with empirical evidence. However, some 
theoretical constructs have articulated counterparts in 
physical models rather than in the natural world. Yet 
these theoretical constructs are used to perceive and 
interpret natural phenomena becuase they are easier to 
visualize than a set of symbols, thus concepts may be 
manipulated more easily. (Weller, 1970 (S) ) 

As described up to this point, the scheme for 
conceptualizing scientific knowledge could be used with 
equal justification for conceptualizing almost any kind 
of knowledge. What distinguishes scientific knowledge 
from other types of knowledge is the extent to which 
scientists try to relate these theories to actual phe- 
nomena or to organize phenomena so that their percep- 
tions of these phenomena support the theory in vogue. 
The articulation of scientific theories is accomplished by 
complex prooisses of puzzle-solving and experimentation. 

Scientific puzzle-solving can be strictly theoretical: 
that is, concerned only with the manipulation of 
abstract symbols in accordance with operations allowed 
by the logical model associated with the theory being 
articulated. Tliese logical manipulations may lead to 
another form of puzzle-solving the search for new 
articulating links. For example, relationships may be 
hypothesized on the basis of implications drawn from 
theoretical manipulations. From these hypothesized 
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relationships, new phenomena can be predicted under 
specified conditions, Once phenomena have been pre- 
dieted, the scientific investigator attempts to design an 
experiment that will demonstrate a predicted phe- 
nomenon mider the prescribed conditions. If the results 
of the experiment are in agreement with the predictions, 
then the experiment serves as a confirming instance of 
the Itypothesi/ed relationship and lends credence to the 
theory from which the hypothesis originated. The 
argument devised by the investigator to link the original 
theoretical notion or relationship to the phenomenologi- 
cal relationship may now serve as an articulating link, 
provided that in this argument elements of the theory 
have been related to the concrete objects of observation 
and experiment. 

Since theories in vogue at the time usually have the 
cumulative support of many prestigious scientists, 
animialous results obtained by only one scientist are iv,i 
apt to be received favorably by his peers. The tendency 
of the scientific cimimunity is to question the validity 
of the experiment -the scientist's argument linking his 
experiment to the theory, the design of the experi- 
mental apparatus, the construction of this apparatus, or 
the scientist's interpretation of the results which can be 
made to fit a theory by organizing the experimental 
data that has been collected. 

If this relatively minor internal tinkering, which 
could lead to minor revisions of theory or experimental 
design, is unable to square theory with experimental 
results, then the results are usually set aside as irrevelant 
or anomalous incidents to be tackled when the theory 
has become more fully articulated. In this case the 
scientists who are aware of the anomaly would feel they 
had encountered something that they had failed to 
resolve, but the failure was not convincing enough to 
.shake their faith in the paradigm. 

It is only when a substantial number of anomalous 
results accrue to a theory, some of which raise funda- 
mental questions within the theory, that a few scientists 
begirt to lose faith in the explanatory power of that 
particular theory. If a scientist with a good reputation 
among his peers is able to formulate a new theory which 
accounts for most of the anomalies accruing to the old 
theory, explains the important generalizations that were 
explained by the previous theory, and discounts anoma- 
lies with the new theory on the basis that they are 
irrelevant, then professional support for a new theory 
becomes a possibility. In the event that enough profes- 
sional support can be marshalled in support of one of 
these new ideas then the foundation has been provided 
for what Kuhn {5] calls a scientific revolution, whereby 
the science community rejects the old theory as a 
paradigm for research and adopts a different theory in 
its place. The transition is usually neither rapid nor 
smooth. It may take a generation before the vast 
majority of the science community uses the new theory 
as the accepted paradigm for research. 

The period of transition from one paradigm to 
another is a time of instability and unrest for many of 
the scientists in that field. To keep pace in the field 
requires a comp 'Ue mental restructuring and a substi- 
tution of new structures for old conceptual schemes to 
which the scientists had been deeply committed for 
many years. Kuhn (1962 (5j) cites the internal turmoil 
encountered by Wolfgang Pauli just prior to Heisenberg's 
paper on matrix mechanics which led to a new quantum 
theory. Pauli had written to a friend, "At the moment 



physics is terribly confused. In any case, it is too 
difficult for me, and I wish I had been a movie 
comedian or something of the si>rt and had never heard 
of physics." A few months later Pauli wrote: "Heisen- 
bcrg*s type of mechanics has given me hope and joy in 
life. To be sure it does not supply the solution to the 
riddle, but I believe it Is possible to march foward." 

This example highlights the Intense involvement of 
individual scientists in a dynamic paradigm which pro- 
vides both direction for research and meaning for the 
knowledge which It encompasses. Without practicing 
scientists, each with a unique filter system provided by a 
frame of reference that has evolved from a unique set of 
experiences, scientific knowledge could not be gen- 
erated. Individual scientists are the originators of the 
cultural scientific knowledge that Is embodied in a 
subcultural matrix of the personal records of scientists, 
the scientific literature, and the minds of practicing 
scientists. 

On the other hand, selected segments of cultural 
knowledge become part of the scientist's frame of 
reference when he reads professional journals, books, or 
correspondence, and listens to professional conversa* 
tions, reports, or lectures. In this way ideas are 
communicated by means of symbols or symbolic sys* 
tems that to some extent have common meaning for 
members of the group using the symbols. Therefore, the 
frames of reference of individual scientists are structured 
around models, theories, or conceptual schemes that 
have evolved in a cultural matrix, usually over long 
periods of time. 

A scientist may interact with other scientists, con- 
tribute to or draw upon the cultural knowledge pool, as- 
similate new concepts or ideas into his existing frame of 
reference and accommodate these ideas with natural 
phenomena, tach is influenced directly or indirectly by 
each of the others. For example, the characteristics of 
objects and events that occur as the result of human 
activity are to a large extent determined by the thou^it 
patterns or mental structures that have evolved in other 
segments. 

To dramatize how these various elements are 
intimately related, suppose that a scientist has just 
observed the results of an experiment that he or one of 
his associates has recently completed. The way he 
perceives and structures the objects and events that 
comprise the results of the experiment is influenced by 
his frame of reference- being a scientist. Sophisticated 
structures for perceiving this information would reflect 
the theories and traditions of the scientific discipline in 
which he has been trained. Let us further assume that 
his immediate perception of these new results doe? not 
fit neatly into these structures. If the discrepancy 
bothers him tmough he will recall and rethink this 
particular perception and its relationship to the overall 
structure. If he is unable to incorporate the particular 
results of that experiment into his frame of reference, 
then he may have to modify his concepts and structures 
that he has used to organize and interpret phenomena in 
this particular area. Since his concepts and structures are 
deeply rooted in theory, these conceptual or structural 
changes may mean that he has to interpret the theory 
differently or even revise the theory to bring his 
perception of his most recent experimental results into 
concordance with theoretical considerations. 

During this revisionary stage he might talk with 
associates who are also familiar with the theory within 
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which he has been working. After hearing their opinions 
he might slightly modify his argument and refine it until 
he develops it to the point where he feels it deserves 
wider dissemination through an article in a journal, a 
paper at a convention, or a local seminar presentation to 
graduate students and/or faculty. These papers are read 
by his peers, pondered over, and usually commented 
upon by one or more members of the reading audience. 
As a result of this dialogue, the originator of the 
modification may again change his ideas slightly. Mem- 
bers of the reading audience might be convinced by the 
argument and sliglitly modify their own conceptualiza- 
tions or interpretations of the theory. But perhaps of 
greatest importance, there has been a substantial increase 
in the information and ideas related to this particular 
theory which have now become part of public knowl- 
edge in tlie form of correspondence, articles, reports, 
discussions, lectures, etc. 

During this dialogue, an experimental scientist who 
has been reading these various comments may have some 
idea about how this slightly modified version of the 
theory can be tested or articulated. The experimentalist 
undoubtedly perceives what has been written with a 
frame of reference that is in fairly close agreement with 
the frames of reference of other scientists within that 
particular fields but he would be expected to have some 
unique interpretations. To test or articulate the theory 
he must develop an argument that ties some aspect of 
the theory to a specific phenomenon in the external or 
natural world io demonstrate the phenomenon vvhich 
he has predicted. The argument that he develops must 
employ a language and follow a logical structure that his 
peers will understand and consider vaHd and legitimate. 
Also, his experimental devices and instruments must be 
of such a nature that his peers consider them valid 
instruments for this particular demonstration. Both the 
argument and the devices that are constructed, however, 
will reflect this particular scientist's individual prejudices 
or preferences, which in subtle ways influence the way 
that the results are organized and accumulated. His 
argument underlying this experiment, a detailed descrip- 
tion of the instruments used in the experiment, and a 
report of the results obtained in the experiment all may 
be organized and published. The publication will be read 
by his peers and hence the cycle continues. Tlie overall 
effect of this type of mteraction is the generation and 
evolution of a body of cultural scientific knowledge. 

The individual bits of information, in the form of 
symboUc statements, are fed into public knowledge 
through the frames of reference of practicing scientists- 
in effect, a filter system. Therefore, an individual 
scientist can infiuence the development of a theory and 
many theories carry such marks of scientists* idiosyncra- 
cies. The extent to which individuality is permitted in 
articulating any given theory is controlled in subtle ways 
hv consensus among one*s peers througfi select publica- 
tion of articles and speakers at various conventions. This 
control makes it a stable ctmceptuai system^ where 
practicing scientists within a relatively narrow field arc 
usually able to ct)mmunicaie quite freely with one 
another. 

It should alst) be obvious that cultural scientific 
knowledge affects the growth of individual frames of 
reference or individual knowledge. Scientists receive 
then professional training within a science paradigm so 
they tugani/e the world they deal with in terms of this 
piradigm. Ctmtinuai interaction with the world, both 



natural phenomena and people form the basis for a 
person to formulate an outlook or to organize a frame 
of reference througli which he views the world. It is 
througli communication that he learns the cultural 
conceptual schemes which serve as a basis for perceiving 
natural phenomena and through direct experience that 
he learns to tie or link the scheme to relevant 
phenomena. 

Continued communication and common experience 
among communities of scientists is necessary not only 
for the training of new scientists but for the very 
survival of cultural knowledge; otherwise there is no way 
of attaching common meaning to symbols. People who 
have acquired the interpretations common to the com- 
munity of scientists (or scholars) who generated this 
knowledge o- are keeping it alive will understand it and 
will be able to communicate with each other those who 
have not, will not. 

If we expect students to be able to communicate 
meaningfully in terms of scientific models, then they 
must acquire the concepts and understand the models 
used by the scientific community. The level of sophisti- 
cation at which they learn concepts and models, 
however, will vary with the student population. For 
generations they have been among the premises upon 
which the teaching of science has been based. It might 
help to clarify matters if we briefiy explore some of the 
ways that people learn concepts and models and then 
consider some of the ways concepts and models have 
been commonly presented to students in school. 

The most critical concepts in anyone's frame of 
reference are those abstracted from direct encounters 
with objects and events. For example, suppose that each 
child in a classroom is given a dry cell, a wire, and a 
bulb and is instructed to see how many ways he can 
arrange the three items so that the bulb will light. 
Experience indicates that after a short initial period of 
exploration and frustration the children do discover and 
identify different arrangements in which the bulb will 
light. From these arrangements they are able to abstract 
only wfiat is common to each case where the bulb 
lights. This ch)sed foop, commonly called a closed or 
completed circuit, is a concept that they have abstracted 
from a set of experiences with concrete physical 
phenomena. A concept that has been abstracted from 
experience with objects and events will be called an 
intuitive concept. 

Hither before or while the children are trying to see 
how many different ways they can arrange the items so 
that the bulb will light, symbols such as dry cell, 
battery, wire, bulb, are often introduced by the teacher 
or students and associated with the objects they are 
using. When they abstract the concept of complete 
circuit, either they invent a symbol to represent this 
concept or the teacher supplies them with a symbol or 
set of symbols. Even though it is not uncommon for 
children to invent descriptive names for classes of 
objects that they observe, the probability is very small 
that someone will invent his own symbols for concepts 
that he has abstracted and generalized. More often he 
associates a previously invented symbol communicated 
io him by other people at the time he makes his 
ubservati<ms and abstracts his concepts. The symbols 
associ;»tcd with classes of objects or the concepts that 
have been abstracted by the group of interacting 
students provide a means by which the students and the 



teacher are able to communicate with each other about 
various phenomena that they encounter. 

Regardless of the liind or level of abstraction, of 
which there are many, a concept can be semantically 
understood only by someone who has had some 
experience with the referents from which the concept 
was abstracted. Concepts such as color, temperature, 
shape, form, smelK taste, odor, texture, weight, etc, can 
be understood only when they have been abstracted 
from sets of concepts of a more primitive order. Color, 
tor example, is a generic term for what is abstracted 
from redness, blueness, greeness, orangeness, yellowness, 
etc. But these latter are concepts that are abstracted 
from instances where objects provided a source of 
stimuli giving rise to identifiable and persistent visual 
sensation on the part of an observer. Tlie essence of that 
particular and recurring sensation abstracted from several 
encounters with objects which served as the source for 
thai particular stimulus is the concept symbolized by 
the term red or blue or yellow. When someone has a set 
of these concepts (thougli perhaps not the .symbols) in 
his repertoire he is then in a position to abstract out the 
notion of color. It is meaningless to try to describe the 
notion of color until one has experienced a set of the 
more primitive notions that are examples of colors. 

If a person has never been able to see, what is the 
meaning of color to that person? Certainly he could not 
have the same visual interpretation as does someone who 
can see, even thougli we are able to teach him that the 
symbols red. orange, etc., refer to a property we call 
color and that .ill objects that we can see exhibit this 
property. Sunilarly, if someone were insensitive to hot 
and cold, could he perceive the meaning of temperature 
in the same way as can a person who can actually feel 
temperature changes from moment to moment or can 
feel the temperature of objects that are of different 
degrees of hotness or coldness? He could observe a 
thermometer rising and falling and associate that rise 
and fall with temperature or he could watch ice freeze 
and melt and associate the freezing and melting with 
temperature change, but we would have to agree that 
these visual perceptions are quite different from the 
sensations of hotness or coldness that one is able to feel. 

There are myriad concepts, especially in science, 
which can be described in terms of specific relationships 
among other concepts. For example: displacement may 
be described as a change in distance in a given direction: 
velocity may be defined as the rate of change of 
displacement with respect to time: and acceleration may 
be defined as a rate t)f change of velocity with respect 
to time. A concept that is described or defined in terms 
of other concepts will be referred to as a formal 
ctmcept. When trying to teach the above :oncepts to 
students, it has been common practice to assume that 
distance, direction, and time arc intuitive concepts in 
the students* frames of reference and displacement, 
velocity and acceleration are acquired as formal concepts 
by learning definitions similar to those above. When a 
student has learned these definitions, it is assumed that 
fie understands them. 

The assumption that distance, direction, and time 
are acquired by students as intuitive concepts before 
they acquire concepts 0} displacement, velocity, or 
acceleration is open to serious doubt. Piaget (IW)) [6| 
fias shown that children have intuitive notions of 
velocity bcl'ore thev have a concept of time. In fact, he 



argues that the child*s construction of time begins wUh 

a correlation of velocities, 

A second assumption is that a child*8 intuitive 
notions are identical with those held by the instructor. 
Such commonality is rarely the case. Referring to the 
previous example, a child's early .notion of velocity is 
not a distance/time relationship but "is bound up with 
that of overtaking, i,e„ with a purely spatial intuition 
involving a change in the respective positions ol' two 
moving bodies," (Piaget, 1%9 [6]) In a similar vein, 
children can have an intuitive notion of acceleration 
before they have a formal understanding of velocity. 
They can associate it with forces exerted on their bodies 
and changes in speedometer readings when a car they 
are riding in "speeds up" or "slows down," To suggest 
that their intuitive feeling for acceleration is the same as 
a physicist's formal concept would be delusionary. 
Commonality of concepts within a community cannot 
be assumed as a starting point but as a goal to be 
pursued, 

A third implicit assumption is that students a )ply 
the same rules for combining the intuitive concepts to 
derive formal concepts as does the instructor, Kules 
themselves, or the way words are put together to form 
rules, are learned implicitly by their use in other 
circumstances where the various elements that are being 
related and the way they are related are well understood 
by the learner. We cannot expect all or even most 
students to have acquired a common understanding of 
specific rules or the way that certain words are put 
together to form specific rules. 

It is more often the case that students apply 
misunderstood rules to combine vague or ambiguous 
intuitive notions to arrive at even tnore vague and 
ambiguous formal concepts. We cannot understand for- 
mal concepts semantically until we have established a 
common base of intuitive concepts althou^i we may 
establish verbal or symbolic connectiims between sym- 
bols representing higher and lower level concepts 

It is througli the manipulation of symbols repre- 
sentative of perceptions, concepts, and ideas, that man 
has been able to deal effectively and efficiently with his 
problems. It allows him to think about niany things 
from the concrete to the most abstract. Relating these 
things internally and attaching these internal concepts or 
structures to external referents that can he observed by 
others provides him with a means for communicating 
with other people so that each person may take 
advantage of the other person\s thinking. However, 
having symbols in one*s vocabulary and even being able 
to manipulate within a system of symbols does not 
imply that a person understands the ideas underlying the 
symbolic system or is able to use the system in solving 
the problems for which it was devised. 

Symbols go through the same filter process as does 
other input information. But, if a person has had no 
concrete experience that can be associated with a 
substantial number of the symbols that are part of tlie 
system he is learning, then his reference frame cannot 
provide referents abstracted from actual events that he 
has observed. He will sometimes substitute or invent 
referents through analogies from things ho luis observed. 
This may provide him with totally erroneous ideas about 
what the symbols represent. As new symbols from this 
symbolic system are fed in. he can recall previous 
symbols of the system. He can interrelate the symbols in 
this system and eventually organize them in such a way 
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that he gets a (airly uccurau^ nuMUul rciuc&iMilatiim ol* 
itie symhulic systotn. He can operate quite succosst'ully 
within the systetn. (iiveii a probletn within ilic svstouu 
he knows what synihois he Itas to work with and whui 
tnaniinilations are ulh>\vevt in that systont. 

I'or example, consider the nonsense system below. 
It WiUikl not he a ditticult task lor a studctU to stndy 
the system tintil it had been menturi/edi then to answer 
the questions that tolluw. 

Vrs^fos^rap Systm 
The elements of the system are: w^', fos and Jap. 
Tlie relationships among the elements are: and 
Rule I : Uuyb and b <\ then a 7 c; and 
Rule 2: l( a > h tlien h a, where a, h aitd i repre- 
sent elements of the systetn. 

Given Rehitioitships: 

Rel. A: m y jos, and 
Rel.U: Jos y JaiK 

1. In what ways are urg and los related? 

2. In what ways are jos and tap related? 
,V In what ways are ur^ and tap related? 

The answers to these tinve questU)ns may be found 
below. Answers la and 2a require only memorization 
and recall of Rels. A and B given in the description of 
the system. More complex processes are required to 
obtain answers lb and 2h. In addition to memori/atiott 
and recall of Rels. A and B, they reijuirc the application 
ot* Rule 2, a logical operation. The rules prescribe the 
logical framework tor the system and all manipulations 
in the system must be carried on within this framework. 
Wliile no new mental processes are required to answer 
question 3. the logical manipulations are more complex. 
Answer 3a requires mcmori/ation and recall i)f Rels. A 
and B and the application v)f Rule I. Answer 3b requires 
the application o( Rule 2 to the relationship expressed in 
answer 3a. 

Answers 

la. urg 7 jos 2a. jos 7 fap 3a. urg 7 fap 
b. jos 7 urg b. fap 7 jos b» fap 7 urg 



Assuming that the student has answered the three 
questions correctly, then he has learned and of>erated 
within a logical abstract system. But what does this 
system **mean** to him? Probably not much if anything 
at all. If it does have some meaning for the student, that 
is, if he has attached some significance or interpretation 
to the elements or relationships in terms of objects or 
ideas outside the system* then it is meaning thai he has 
invented or supplied and was not suggested by the 
system itself. The only meaning implied is a meaning 
internal to the system* It is syntactic meaning that it 
comes from the relationships among the elements 
relationships left undellned outside the system, but 
implicitly defined by Rules I and 2. Mathematical 
systems are examples of such closed logical abstract 
systems. 

It is oM thing to learn and opeiate within a closed 
logical symbolic system and quite another to use that 
system to interpret or deal with some aspect of the 
world external to the system, {{specially in science ♦ the 
theories and ideas about the tiatural world have been 



devoio|HH( Id uccordanci' with uvtuul physictti and htu« 
logic tt pheitoittena. These ihcinies have beeit developed 
to taterpivt and deal with these phenomena. 

A system (modeii schentei etc.) that is learned in 
isolation from other Hystems symbolic or natural 
may be thottght of as an emupsntaivil system used 
only to make decisions when direct reference is tnude to 
some aspect or eleitteitt of the system atid rosultiog in 
expressions or statements in terms of symbols contained 
within the system. Unless some verbal or phenonteni>log. 
ical cue t>om outside the system of models, seltotnes, 
theories, etc. can trigger one to think in tertns of that 
systemi then the systetn is encapsulated for that person. 

It seems that it Itas been a basic assumption of 
educational institutions that if theoriesi schemes, models 
and si^ forth were taught pi*r st' to students that the 
students would he able to develop appropriate applt- 
catioits of these systems* The thesis here is that this is 
Hot the case. Yet much of a student's tittie in school is 
spent ''learning'' symbolic systems which for the most 
part remain encapsulated. The teacher talks about the 
model, the teacher has students read textbooks about 
the model in short, the entire classroom activity i: 
carried on in an abstract manner. These s>mbol systems 
are not linked with their referents the real objects and 
events that are necessary precursors to a semantic 
understanding of the models. Consequently, students 
assimilate only the synibot systems and later are able to 
apply them only hi formal instructional contexts. 

Tests are desigtted to determine not if the student 
can apply the system but to determine if he has 
memorized the important elements and can operate 
acciuding to the rules. 

When a student is c*onfronted with a a'al life 
situation in whicit a model that he has learned in this 
abstract maimer is relevant, he does not perceive the 
situation in terms of the model. Certainly in science, 
where the goal is the development ot models to 
interpret and organize natural phenomena and to exniain 
generalizations about these phenomena, it makes little 
sense for the lay person to learn the models unless he is 
able to relate these models to actual objects and events 
with which he is ccmfronted. 

Certainly physics is an abstract system - the degree 
of abstractness determined -'rimarily by the level of 
sophistlcatiim of the mathematics involved. For those 
few theoretical physicists whose work consists of operat- 
ing entirely within a ch)sed symbolic system there may 
be some justification for learning physics isolated from 
other aspects of the world. For someone who is not 
going to make theoretical physics his life work, such 
isolation becomes very difficult to defend. 

Ih)w do we teach science to students so they do 
acquire working models tor perceiving and dealing with 
natural phenomena and are able ti) communicate with 
other people in terms of these models? A brief sketch of 
sotne of the obvious points is all that can be dealt with 
here. 

,Since learning is infiuenccd by reference frames, it 
is crucial that a teacher assess his students' frames of 
reference as quickly as possible, ideally through a 
student's physical interaction with some set of objects 
and his description of what he is doing while he is doing 
it. When a teacher has formed some ideas about luuv his 
students perceive and orgaiii/e phenomena related to a 
certaiti field of science or even phenomena in geiieraK 



liien he can begin helping his students ua|uire working 
scientific niodeis. 

Fur u student to acquire a working knowledge of 
scientiHc models, he nuist be nhysicaily involved with 
the phenomena relevant to the models, consciously 
trying to perceive and orguni/.e the phenomena in terms 
ot the models, and connnunicating actively with other 
people, at least some of wiuim have a good working 
knowledge ot* the models. Physical involvement with 
the phenomena while he is thinking in terms of the 
model enables a student to articulate the model with 
concrete referents. In the presence of someone who has 
a good working knowledge, the student is able to 
determine if he is articulating the knowledge in a 
manner similar to the way it has been articulated by 
members of the scientific community. This latter step 
requires a teacher skilled in comnmnicating with stu* 
dents and knowledgeable in the ways scientific com* 
munitlen carry on their work, Tlie classroom must have 
a relatively free and open climate so that they can 
prohe« and assimilate their observations. During these 
exploratory stages, the students should communicate 
with one another and with the teacher who, ideally, is 
familiar with the scientific theories developed to deal 
with the phenomena under investigation. 

Wlten students are confronted with unfamiliar situa* 
tions (assuming they do not just ignore them), their 
frames of reference must be accommodated so that 
various aspects of the situation are perceived and 
assimilated by reorgani/.ing only what resides already in 
their i)wn frame of reference or by communication with 
someone else. For the latter to occur assumes that the 
frames of reference of the communicants have enou^ 
elements in common so that when one describes an idea 
in his mind» the other is able to recreate that idea. But, 
In teacher -student interactions, the teacher is often 
trying to help the student acquire a working model 
where there is none to begin with. If the student does 
have a working model it may be so different that there 
is no basis for communicating about it with mutual 
understanding. A student often finds himself in a 
d* mma trying to create an unfamiliar mental model 
from verbal descriptions provided by a teacher or text. 

Mental models sre developed slowly, at least in 
initial stages, through a fusion of concrete example with 
specific aspects of the model. When students are 
working with materials such as the ^ ♦eries, bulbs and 
wires and creating various circuit: .hey should be 
encouraged to express their ideas about what they see 
?nd what they believe is happening. If one takes time to 
analyze these student conceptualizations, he often finds 
that on the basis of the limited evidence, their con- 
ceptualizations are just as legitimate and valid as are 
those which the teacher has in regard to the same 
phenomenon. In this way, the teacher gains valuable 
insight to a student's frame of reference and has a basis 
for meaningful communication with him. 

A student should be encouraged to develop a model 
whj-*h is ditTerent from the one that is a part of the 
paradigm in vogue so long as his interest holds and he 
appears to gaining experience and there is no illogical 
step in his argument. If a teacher feels that a certain line 
of theorizing is unproductive, then the teacher should be 
able to create a situation whereby the student is 
confronted with a' ✓ anomalous phenomena. If he is 
asked to explain thtm in terms of his ideas, then he will 



have to tace up to the anomaly and recogni/e that the 
direction he is taking nviy be unproductive. 

To encourage a student to pursue his own way of 
conceptualizing certain phenomena* does not pieclude 
encouraging him to look at the phenomena in a 
different way. However^ before a teacher can suggest an 
alternate way of perceiving and organizing something, he 
must have considerable insight into the student's frame 
of reference. 

If we expect students, through honest "enquiry" to 
**disciwer** a way of looking at the world that is 
identical or even similar to the scientists* models at 
present, then we are not only deluding the students but 
i)Urselves as well. Tliere are a number of ways that we 
can perceive, and organize what is in front of us. On the 
basis of isolated personal experience there is no more 
justification for organizing it in one way than there is 
for i)rganizing it in other ways. However, scientists have 
organized certain sets of natural phenomena in particular 
ways and they have generated theories for perc^elving 
and interpreting those sets of phenomena. Sooner or 
later we reach a point where we must tell students that 
if they want to communicate with scientists or with 
other people about particular aspects of science then 
they will have to know something about the models 
scientists use. 

To help a student learn a scientific model -not at a 
scientist's level of sophistication but at least at a 
descriptive level-the teacher must be in close communi- 
cation with the student. He must know what the 
student is thinking, what his symbols represent when he 
uses them, what his experiences have been so that he 
(the teacher) can try to determine what physical 
referents the student has for the symbols and ideas that 
he expresses verbally. He must play an active role in the 
student's learning process, not as a dispenser of infor- 
mation but as an analyzer and assesser of what the 
student knows. It is a role of determining what kind of 
action is appropriate to help the student acquire 
understanding requiring sensitivity and creativity on the 
part of the teacher. He must also be flexible and willing 
to consider any new evidence which may suggest a 
modification in approach or of immediate plans. 

This individualization should not imply that 
nothing is ever done with the class as a whole. When a 
class comes together and talks about what each person is 
doing a common base of understanding is evolved and 
eventually the students and the teacher are able to 
communicate within a common tlieoretical structure 
with a common semantic base. On the other hand, there 
should be time when a student can work and investigate 
on his own, when he can talk or work with the teacher 
on a one-to-one basis, or can work with other students 
in small groups. 

At least two projects, the Science Curriculum 
Improvement Study and the Elementary Science Study, 
were based upon psychological and epistemological 
frameworks not unlike the one presented here. However, 
the extent to which certain approaches to the teaching 
of science have been developed and promoted in the 
form of curricula is of secondary concern to the way 
these and other materials are used by teachers in their 
classrooms. 

The new curriculum materials have proven to be a 
valuable resource for those teachers who understand and 
are sympathetic to the psychological-philosophical basis 
underlying their development. On the other hand, if a 



37 



teuchi^r does nut have the proper orientation there is 
little hope that he will or even can use the materials in 
the way Intended by the developers. The curriculum 
developers themselves were among the first to recognise 
this problem* Some projects provided special courses, 
institutes, or workshops to help the "trial teachers** 
develop the •*necessary** outlook. In any event, the 
number of teachers who are able to function in an 
enquiry H>rien ted environment without some continuing 
inservice course or workshop is relatively small. This 
seems to be true for elementary as well as secondary 
school teachers and for recent graduates as well as 
experienced teachers. 

Faced with an increasing demand for teachers who 
are prepared to teach in open and enquiry-oriented 
school environments, we must create programs that wUl 
help them develop the qualities required for a successful 
performance in that role. There are at least two sets of 
desirable qualities: (a) the feelings that one has for 
himself, for others and for his work; and (b) the special 
capabilities or competencies that one needs to cope with 
a particular school environment. 

Among the first set of qualities are: 

1 . commitment to the open enquiry-oriented mode of 
teaching and confidence in its long range benefits 
to students; 

2. a willingness to recognize and tolerate other ways 
of viewing the world: 

3. internal security, that is, the teacher knows who he 
is, likes what he is, and is not trying to present 
some phony image of himself to the students; 

4. approachable to the students in the sense that they 
feel at ease when they are talking with him; and 

5. an abundance of patience. 
Among the cognitive abilities are: 

1. a working knowledge of a psychological* 
espistemological model for teaching science which 
provides meaning and organization in what other- 
wise might prove to be a hopelessly confusing and 
directionless set of activities and events. It allows 
him to place what he and his students are doing in 
some overall framework and thereby into some 
perspective. This perspective allows him to help 
students plan strategies for growth to a more 
comprehensive level of understanding. In addition 
to the natural phenomena which serve as foci for 
student investigations, the model must account for 
individual students* reference frames, the inter- 
action and communication among a community of 
students engaged in scientific activity, and the 
cultural scientific knowledge which bears on the 
problem at hand. Moreover, the model must deal 
with the interrelationships among these various 
parts. 

2. sensitivity to various aspects of the student^s world. 
On the basis of what a student says and does, the 
teacher must be able to weave together some 
"picture'' of the student's frame of reference with 
some notions about the influence of motivational 
and physiological changes on a student's behavior as 
well as the infiucnce of the social milieu. 

3. the ability to communicate with other teachers or 
educators concerned with similar problems by shar- 
ing experiences, insiglits, and whatever resources at 
their disposal. It is important that teachers feel 
they are a part of a concerted effort to solve 
problems with which they are confronted. 



4. considerable practical experience in interpreting real 
situations with students in terms of the psycho* 
epistemotogical model. As students of teacher edu* 
cation develop a better understanding of the role 
for which they are preparing and as they gain 
confidence in their ability to perform in that role, 
publicizing the desired traits and providing feedback 
to students about the traits they seem to be 
projecting might help them modify their personalis 
ties to some extent. However, it would probably be 
overextending the role of a teacher education 
institution to attempt to change these personality 
characteristics (affective feelings) in a direct way. 
Therefore, our efforts should be directed toward 
building a program designed to help teachers de- 
velop the cognitive traits. 

Teacher education programs following present prac- 
tices cannot provide prospective teacliers with the 
experience and comprehensive understanding necessary 
to cope with an enquiry-oriented school environment. 
Today, a typical prospective teacher^s fragmenved and 
compartmentalized educational experience is based on at 
least two assumptions which serve as obstacles to the 
integration of knowledge and experience. 

Change in verbal behavior reflected after students 
have read or been orally supplied with some information 
does not necessarily become part of their functional 
frame of reference (i.e., use of this information in future 
decision-making and interpretative processes). Yet, 
nearly all of our educative efforts are directed toward 
changes in verbal behavior with the implicit hope that 
other behavior will change as well. Even though teach- 
ers, especially college teachers, have extensive inter- 
action with students this interaction is almost exclu- 
sively verbal-often limited to a closed abstract system* 
Furthermore, changes in verbal behavior can be detected 
and quantified under classroom conditions-hence effec- 
tiveness in verbal learning can be demonstrated and 
measured with relative ease. 

Our teacher education programs have become en- 
capsulated. Unquestionably there is a dearth of feedback 
loops from teaching performance to preparatory pro- 
grams. As a consequence, success within a program often 
proves to be a poor indicator of success later in real 
teaching situations. The criteria for success have been 
weighted too heavily on willingness and capability to 
manipulate symbols and not enough on the ability to 
use these symbols to interpret and deal with concrete 
aspects of the world. 

The second assumption is that each course taken by 
a student is supposed to represent a different piece in a 
puzzle contributing, by the end of his college career, to 
a comprehensive and coherent frame of reference includ- 
ing social, political, philosophical, and professional ele- 
ments. However, it is a rare individual who is able to 
modify, transform, or reject pieces until he has de- 
veloped an internally consistent and functional big 
picture. It is the tragic individual who attempts to fit 
the pieces together just as he received them and thinks 
that he has the big picture. Tlie usual result-a great 
number of students who are confused, frustrated, and 
even angry. 

Presenting students with a unitary point of view 
which would preclude any contradictions would certain- 
ly he an undesirable solution to the problem. On the 
other hand, exposure to ideas in the seclusion of 
classrooms, where the range of experiences provided for 
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the student is rigidly controlled and a student*s behavior 
must conform to the expectations of a single instructor, 
has the effect of glossing over any incompatibility that 
these ideas may have with other ideas. Students form 
the habit of finding out what each teacher wants them 
to do and attempting to do it. If they took time to 
scrutinize what they were doing, and there are few 
rewards to do so, they would often find that their 
performance in one class is at odds with their per- 
formance in another. Many instructors are reluctant to 
praise students for pointing out ideas that are incom- 
pi^'Hle with the ones they are trying to promote. If a 
Si^ nt recognizes contradictions but supnresses any 
urge to comment on them or to alter his l-ehavior, this 
does little for his self-image. Diversity should be recog- 
nized and students helped to deal with it. 

A teacher education program should be organized 
around the concept of community - continuing com- 
munication among ail participants in the program - 
prospective teachers, master teachers, and specialists. All 
members of the community would not be together all of 
the time, nor even most of the time, but would be 
expected to meet on some regular basis as a group, and 
would be engaged in similar activities when they were 
not together as a group. Tlie size of the community 
should be large enough to provide a critical mass but 
not so large as to be unwieldy. 

Included in the program should be the opportunity 
for extensive and varied experiences with different 
groups of children at different age levels in a variety of 
learning environments. 

A scholarly or reflective atmosphere should pervade 
the community with students and staff engaged in some 
ongoing research which would provide both incentive 
and focus for intensive involvement. 

Feedback loops should be built into the program at 
all levels. The student -scholar should not only receive 
feedback that has been filtered through others in the 
community, but he should be learning how to improve 
his own techniques for direct feedback from his stu- 
dents. Staff and students should use feedback to assess 
the effectiveness of the program and to make revisions. 

Finally, provision should be made for individual 
planning and programming within the broad guidelines 
established here. A prospective teacher should be al- 
lowed to choose the type or types of teaching roles he 
wants to be prepared to fulfill. Some speculation about 
how a specific teacher education program miglit be 
modified to incorporate the desired characterisitcs de- 
scribed above would provide at least a basis for further 
discussion. 

At the University of Illinois, an undergraduate 
candidate for a certificate to teach science at the 
secondary school level is required to complete approxi- 
mately twenty semester hours of education courses. 
Tliese courses include educational psychology, history 
and philosphy of education, principles of secondary 
education, an introductory course in science education, 
a science teaching methods course, and student teaching. 
Tlic candidate is also required to take approximately 
seventy hours of science or science related courses 
(histt'^ry or philosophy of science, mathematics, etc.). 
none of which are specifically designed for teachers. 

If we modified our program at the University of 
Illinois by pooling all the education courses and twelve 
hours of the science or science related courses, we 
would obtain tljirty-two semester hours which would 



give us the time and flexibility needed to create an 
integrated program of scholarly activities and concrete 
experiences. Spread over a two-year period, a partici^ 
pating student could concentrate about half his total 
study time upon the integrated program. 

All the basic ideas covered in the pooled separate 
courses could be coveret^ in the new program by 
integrating them into a unilVing framework -the psycho- 
epistemological model, Tfic new program would be a 
dynamic activity involving proi^:^slonals and scholar- 
apprentices working on common problems within a 
common theoretical framework. A continuing seminar 
and concrete experiences with children, schools, and 
materials would provide a focus and a realistic base for 
this activity. 

Each ::ommunity would be composed of approx- 
imately twenty students plus the participating faculty - 
master teachers as exemplars of good teaching, and 
specialists in psychology, sociology, history and phi- 
losophy of education, philosophy of science, science 
education, and the various science disciplines. The 
faculty, as a group, would be responsible for planning 
the requisite experiences, for setting the standards or 
criteria for success within the program, for constantly 
evaluating student performance and providing feedback 
to the students, and for assessing program effectiveness 
and making revisions when warranted. 

The seminar would meet for two to three hours at 
least twice a week for the duration of the program. 
Each staff member would be expected to attend at least 
one general session each week. The seminar would 
provide a forum for students and staff to present and 
compare points of view and discuss teaching experiences 
within the context of the underlying model. Each 
specialist would interpret experiences common to the 
group using models characteristic of his particular 
discipline or specialty. The similarities and differences 
among the various interpretations and the compatibility 
of a particular interpretation with the psycho- 
epistemological model being developed would be pointed 
out and discussed. Even though the community is 
committed to a particular model with specialists sym- 
pathetic to that model, we would expect to find 
considerable disagreement among these **experts" with 
regard to particular interpretations or applications of the 
model. These differences would be discussed in the 
presence of the students who are encouraged to partici- 
pate in the discussion. Under these conditions, a student 
would have the opportunity to recognize contradicting 
viewpoints, judge the various interpretations and assim- 
ilate those ideas consistent with other views that he 
holds, and perhaps, to recognize that some fundamental 
ideas pervade many different fields, and that other 
people might hold different but equally valid points of 
view. 

Equally important are the experiences with school 
children and teaching environments. A student's t*irst 
encounter with children should include one-to-one inter- 
views or **tutorials" at the primary, upper-intermediate, 
junior high, and senior high levels. By working with 
children over a broad age range, a prospective teacher 
acquires experience with various stages of intellectual 
development of children and adolescents. 

The primary purpose of the one-to-mie encounters 
is to provide novices in the program an opportunity to 
analyze children's frames of reference in terms of the 
psycho-epistemological model. Therefore, the children. 



nut the prospective teacher^ should do most of the 
talking and acting. Preferably, the child should be 
engaged in sumo physical activity. By observing a child*s 
verbal and physical performance at the same time, a 
careful observer often acquires insight into how the 
child's mind is organized with regard to a particular 
object. The student then reports his observations and his 
interpretation of these observations in writing or orally 
to one of the specialists who, in turn, expresses how he 
would interpret the same situation. Tlie reports and 
related discussions provide feedback to specialists and 
students so they can judge for themselves whether or 
not they are operating with similar frames of reference. 
The specialists must observe, cither directly or by video 
tape recordings, enough of the. encounters with children 
to provide a common experiential base for the discus* 
sions. 

When faculty and students feel that they are 
speaking the same language and have articulated it to 
common concrete referents, then the student's exper- 
ience should be expanded to include groups of children 
and a variety of teaching environments. In addition to 
analyzing individual frames of reference, the student 
should search for patterns in the ways children respond 
to environmental and social influences. Following the 
same format of observation-analysis^report-feedback, the 
student gradually expands his conceptual framework so 
that he is able to interpret and respond in a consistent 
way to specific classroom situations. Because the com- 
munity is developing a common framework for inter- 
preting a similar set of experiences and acquiring a 
common language with a common semantic base, the 
students benefit from sharing verbal descriptions of 
different Individual experiences. 

During the second semester of the program, stu- 
dents should have organized and articulated their ideas 
to the point where they can anticipate what is apt to 
happen in a particular classroom with specific children 
under certain conditions. Then students should have the 
opportunity to experiment with their own teaching 
strategies and styles in their own mini-classroom environ- 
ments of four or five children. By continuing to expand 
this teaching experience under the supervision of master 
teachers and other specialists students should be able to 
manage 25-30 children at one time. 

If school administrators and teachers are directly 
involved in the planning of activities, their suggestions 
are listened to and given serious consideration and 
weight » then facilities and children are usually available. 
The master teachers are an essential part of the program 
for they provide the children and classroom facilities. 

Another important set of experiences deals with the 
study of scientific knowledge -the epistemological di- 
mension of our model. We cannot expect many students 
to enter our program with a background in science 
appropriate for the type of science teaching they are 
being prepared to do. The way they have learned science 
has left them with the impression that science is a static 
body of knowledge, they do not see scientific knowl- 
edge as being intimately tied to the minds of practicing 
scientists. Nor do they interpret objectivity in terms of 
common experience, modes of comrranication and faith 
in a paradigm by members of a scholarly community. 

The contradictions between former ways of viewing 
science and viewing it in terms of the psycho- 
epistemological model will surface during the first 
seminar sessions. New insights can be developed by 



ERIC 



discussion within the seminar or in ad-hoc groups 
created to pursue particularly intriguing or confusing 
aspects of the new model, iliese new ideas must be 
linked to concrete objects and events, preferably 
through activities common to the group. Therefore, a 
science laboratory must be accessible to the students. In 
this laboratory, available for the whole program, mate* 
rials appropriate for teaching in an enquiry-oriented 
science classroom may be designed, tried, and tested. 
The science subject specialists would have primary 
responsibility for this aspect of the program. Another 
major problem which they could work on with the 
students would be how to teach advanced concepts of 
science from an elementary viewpoint. 

The laboratory and resource facilities are obviously 
a crucial factor in conducting the necessary activities 
and maintaining a sense of community. Ideally, the 
seminar room, the library, the laboratories, etc., would 
be in one central complex, accessible to staff and 
students during the day and until some reasonable hour 
at ni^t, such as the Science Teacher Center at Austin 
Peay University. Extensive curriculum materials-books 
and other written materials, apparatus, supplies, and 
video and audio taping facilities would be available. The 
surrounding and atmosphere should be as pleasing and 
friendly as possible to make staff and students feel 
welcome and comfortable. 

The desirability of establishing a scholarly or 
reflective atmosphere within the community was ex- 
pressed earlier. A coordinated program of research 
designed to articulate the nsycho-epistemological model 
which would involve both students and faculty would 
provide such a scholarly atmosphere. When someone 
becomes involved in research concerned with a particular 
aspect of a theory, there is strong incentive to under- 
stand how this aspect is related to the rest of the 
theory. The researcher must understand the whole 
framework in order to understand the part he is working 
on. Any attempt to acquire greater understanding o? 
the psycho-epistemological model will increase the num- 
bei of student discussions carried on ourside the seminar 
and the number of unassigned books and articles related 
to the model that are read by the students. The mutual 
searching for and sharing of insights would give students 
not only a better working knowledge of the model, but 
greater insight into the epistemological structure and 
evaluation of models in general. Research completed by 
the students might or might not contribute significantly 
to knowledge outside their own community. However, 
the experience that students would acquire by conduct- 
ing the research would give them more insight into 
science and scientific knowledge than all the books they 
could possibly read. 

Research conducted by students and faculty can 
also serve an important function in regard to the 
dynamic program. The faculty as well as the students 
would be constantly learning. On the basis of continual 
reappraisal and various r*»search projects, the program 
could and would be revised if the evidence, as inter- 
preted by the community, supported the need for a 
change. If students are aware that their ideas and 
research findings are important enough to lead to 
revisions in the program, interest and incentive increase 
greatly. Studies that follow up what happens to grad- 
uates of the program would provide feedback to suggest 
ways thai the program might be improved. 



Student evaluation, like program evaluation* must 
be a continuous and integral part of the program. 
Because of the types of activities provided and the 
Involvement of the faculty in all these activities, con- 
stant evaluation of actual teaching performance is 
possible. This constant evaluation, which is immediately 
fed back to the student, provides him with a basis for 
improving his performance. In addition to staff evalua- 
tion video or audio taping of interviews or teaching 
sessions are excellent ways for a student to record what 
happen.s so he can review and evaluate himself. Review- 
ing the tape recordings with an experienced teacher or 
staff member for the first few times often helps the 
student focus on important aspects of the session. 

Evaluation of a student's performance in teaching 
situations is also necessary for faculty decisions about 
whether or not the student has the qualities requisite for 
a teacher. Students that do not exhibit the necessary 
qualities should be informed of the opinion of the 
faculty as soon as they have forii)ed an opinion. If the 
faculty feels there is little chance to develop those 
qualities, then the student should be encouraged to 
pursue some other career. In this program, the license to 
pursue a career in teaching would be controlled by a 
team of professionals who had worked closely with the 
student in a variety of teaching situations. Moreover, 
they would be able to recommend with considerable 
credibility the types of teaching environments in which 
a particular student could be expected to do his best 
work. 

Suidents should have considerable autonomy in 
determining their own programs. Because this program is 
designed to help teachers acquire certain understandings 
and experiences that would prepare them for a specific 
teaching role, we would assume that participants in the 
program would be willing to follow the general format 
described above. Undoubtedly there are students who 
would like to prepare for different teaching roles and we 
would assume that there are other avenues open to 
them. For those students who have chosen the route 
described, there is still opportunity for the choice of the 
types of teaching environments within which the student 
wishes to acquire experience, and the choice of research 
topic, within certain limitations. If a student were able 
to present a convincing case that he could acquire, 
througi) activities different from those prescribed in the 
program, understandings and experiences similar to those 
provided by this program, then the program should be 
flexible enough to let him follow his own route. 
Whether or not he actually accomplishes his objectives 
would, of course, still be subject to the combined 
judgment of the faculty. 

The hypothetical program just outlined was de- 
signed with secondary science teachers in mind, how- 
ever, a similar model would be just as appropriate for 
elementary teachers preparing to teach in open class- 
rooms, open schools, or in individualized programs. 
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SESSION T 

ELEMENTS OF SCIENCE TEACHER EDUCATION 
(abstract) 

Ronald K. Atwood, Department of Curriculum and 
Instruction, University of Kentucky, Lexington 

This paper attempts to systematically abstract Infor- 
mation from the fifty contributions comprising the 
ERIC-AETS publication In Search of Promising Practices 
in Science Teacher Education. It also Includes expres- 
sions of general impressions of the contributions to the 
report and takes a position on Its merits as a source for 
developing a futuristic science teacher education pro- 
gram. A fourteen-ltem check sheet was utilized by the 
author as a principal mechanism for abstracting Informa* 
tion. Based on the results of utilizing the check sheet 
plus general impressions of the document, It was 
concluded that In Search of Promising Practices in 
Science Teacher Education Is not In Itself an adequate 
basis for synthesizing a science teacher education pro- 
gram model for the future. However the document 
would be highly useful In planning a good elementary or 
secondary science methods course. It also reveals a great 
deal about the state of the art In science teacher 
education which could be useful in establishing priorities 
for action by individuals, faculty teams, institutions, and 
professional organizations. 



SESSION U 

TEACHING FOR MEASURABLE OUTCOMES 

Louis A. Gatta, Chairman of Science and Heahh, 
Deerfield High School, Illinois 

Before a case can be made for the desirability of 
teaching for measurable outcomes in students, there 
must be agreement upon the purpose of formal educa- 
tion in our society. There are numerous approaches to 
the analysis of the purpose of the American educational 
enterprise. Many dedicated and thoughtful persons have 
tried to formulate statements of the goals of formal 
education. Individuals, some from within and some from 
without, the ranks of professional education have pro- 
posed many diverse and varied statements of the 
purposes of education. These statements range from 
developing moral character, attitudes, adjustments to life 
and self-confidence, to developing a happy Individual. 

To support this case, the educational enterprise as 
It Is today must be examined. What Is going cm In the 
schools? What are the schools doing best? What are the 



personnel in the schools trained to do? By focusing 
attention on the activities and students in the schools it 
is soon apparent that the activities, content, and 
procedures of the school are geared for the purpose of 
facilitating learning and the school functions best in this 
capacity. It also becomes clearly evident that the schools 
are not functioning well in curing the ills of society. 
Many uninformed people would like to delegate this 
function to the schools but the schools are not equipped 
to handle most social problems. To believe the whole 
responsibility for moral character, life adjustment, self- 
confidence, and happiness is the responsibility of the 
schools is very naive and unintelligent. [2] ,[3] 

What type of training do the professional personnel 
in schools have? Again, they are trained for the purpost? 
of facilitating learning. This is what they do best and to 
imply that their time should be devoted to other areas is 
foolish. 

Tyler points t)ut that the purpose of formal 
education in the school is to set the stage for the 
potential change in an individuaPs performance. {5] This 
definition should be expanded to include the observa- 
tions about the schools just discussed. The school is an 
institution designed to facilitate learning and promote a 
change in an individual's performance. Unless one 
accepts this viewpoint there is little reason to engage in 
the arduous task of specifying measurable outcomes. 

There are still those who would say that the 
purpose of the school is to develop attitudes, values, 
self-concept, and a happy individual. Critically consider 
these possibilities. First of all, a person's attitudes, 
values, self-concept, and happiness are strictly a personal 
matter. They are ends in themselves and not functions. 

Examine some of these common experiences. No 
matter what it is, the better one can do something, the 
more one knows about it, the more one enjoys it, the 
happier and better the attitude is towards that activity. 
No "duffer" gets the pleasure out of a golf game that 
the expert does. No "hacker" in the handball court 
enjoys the game as fully as a trained player; no 
*Miopstick" pianist can find equal satisfaction in a piece 
of music to that of the virtuoso. 

Nobody will attain the deep pleasure of proficiency 
without hard work and possibly some boredom. Atti- 
tudes and values do not come easily and are not 
guaranteed. 

Learning is a perpetual tension between the polar- 
ities of work and pleasure. The more someone grapples 
with a problem, the more enjoyable and satisfying the 
resolution of the problem. The most fun and best 
attitudes seem to come when a person works the hardest 
to accomplish a specific goal. The best the school can 
do is to facilitate the internalization of knowledge which 
will give the student the necessary tools to becoming 
happy and to developing positive attitudes. 

For those who would insist that the development 
of a good self-concept is one of the primary functions 
of the school one must consider how a person's 
self-concept best be developed. 

Everyone knows the empty teeling that exists when 
a completely new or foreign situation is encountered. 
One does not feel very confident about successfully 
handling the situation and the individual's self-concept is 
not very positive. Self-concept in this situation becomes 
more positive as the individual increases his under- 
standing of this foreign situation. Self-concept seems to 
be a many -dimensional force in one's personality. It can 



be very positive for certain situations and negative for 
others. A person's self-concept seems to improve as he 
becomes more knowledgeable and experiences some 
degree of success in a given area. Purkey, in his review 
of the research on self-concept. Indicates that there is a 
significant relationship between a person*s academic 
achievement and his self-concept. A change in one seems 
to be associated with a change in the other. [4] Studies 
have shown that the students who experience success are 
more likely to develop positive self-concepts and feelings 
about their abilities and those tha: experience failure are 
most likely to develop negative views of themselves. 

Tlie best way the school can help develop a positive 
self-concept in an individual is to help him' succeed in 
the process of acquiring usable knowledge. 

What Makes a Good School System? 

Tlie question of what makes a good school system 
has been answered in different ways. The old answer 
was that a quality school system maintained the highest 
standards of physical plant and equipment, had a small 
student-teacher ratio, had most teachers with advanced 
graduate training, and was in-step with new curriculum 
developments. This yardstick for measuring the quality 
of a school was all right so long as those characteristics 
were in a one-to-one correspondence with learning. 
Through years of educational research it has been found 
that this simple, direct relationship does not exist, 

A school system can no longer be judged by the 
number of things it possesses. There is a great pressure 
on the schools to be accountable for the education of a 
child. The question of whether children are receiving a 
quality education will only be answered when attention 
is paid to the performance of students. Bloom suggests 
that the criteria for judging the quality of a school and 
its educational functions would be the extent to which 
the school achieves the objectives it has set for itself.[ll 
It is evident that the success of a school cannot be 
measured by school characteristics or by fixed national 
norms, but by the results achieved by the school on 
specific and well-defined measurable objectives set to 
meet the needs of the particular school and the 
particular set of students in the school. 

Why Teach for Measurable Objectives? 

All activities of a school system should be means to 
accomplishing basic measurable objectives. By stating 
objectives, a school is able to systematically and intel- 
ligently assess their educational program and the degree 
to which they are accomplishing desired objectives, 
Tfiese objectives should be statements of specific and 
measurable behaviors which indicate what the student 
will be able to do following instruction that he was not 
able to do before participating in an instructional 
program. These objectives then become the criteria by 
which materials, activities, teaching strategies -in short, 
the whole instructional program - is evaluated. Objectives 
which are so vague that they are impossible to measure 
are not likely to be of much value to the teacher or the 
student and are extremely difficult to defend as being 
important educational outcomes. 

It is also important for the teacher to understand 
that one of his important roles is as evaluator of student 
achievement. Decisions about student achievement can 
affect a student for a long period of time: in fact, those 
decisions may affect a studeni^s entire life. Tlierefore it 
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is important, when making decisions about a student, 
that the information on which the decision is based be 
supportable reliable evidence of his progress. (61 The 
evaluation of specific measurable outcomes also enables 
the teacher and student to know exactly where they are 
and where they are going. To teach without evaluating is 
unthinkable. 

A systematic approach to curriculum design is also 
made possible through the development of well-defined 
measurable objectives. The learning experiences devel- 
oped by teachers can now be geared to the accomplish- 
ment of stated measurable objectives which will help the 
student see more clearly where the instructional program 
is going. Ttiis increased clarity should also increase 
student achievement because the student knows in 
advance what performances are expected of him. He will 
alsi) be able to better relate classroom experiences to 
Uiese stated performances. Tlie lack of measurable 
objectives often shifts the emphasis to the activities 
rather than the purpose for which the activities were 
designed. 

Tlie specification of measurable objectives will 
make it possible to evaluate the objectives of a particu- 
lar program as to their contribution to the total 
curriculum. One of the basic criticisms of a curriculum 
based on measurable objectives is, that the teachers will 
only concentrate on the trivial outcomes and lower level 
cognitive objectives and avoid the higher level objectives. 
This is an unfounded criticism because the stating of 
objectives makes it possible to evaluate the content of 
these objectives and discard those objectives that are 
trivial and meaningless, h is also possible to analyze the 
cognitive levels of these objectives and a more intelligent 
assessment of their appropriateness becomes possible. 
This content analysis is not possible unless the objectives 
are specified for the educational program. 

This approach to the teaching-learning process also 
makes systematic monitoring and reporting of a stu- 
dent's progress possible. This quality control function 
made possible by the specification of measurable objec- 
tives and the evaluation of these objectives allows the 
teacher to indicate to parents and students which 
objectives the student has mastered and which objectives 
require additional prescriptive assistance. The parents 
and students can understand with greater clarity where 
deficiencies occur. 

Tlie diagnostic and prescriptive function of teaching 
is made possible through the specification and evaluation 
of measurable objectives. Through the use of well- 
defined measurable objectives the teacher is able to use 
the evaluative process as a means of diagnosing deficien- 
cies and prescribing appropriate remedial work leading 
to the eventual mastery of a set of learning objectives. 

The approach toward the gathering of output data 
will lead to the strengthening and support of effective 
programs and to the elimination of weak programs. This 
can happen through the use of cost-effectiveness analysis 
of existing programs possible through the development 
and evaluation of measurable objectives. Tlie actual cost 
to the school system can be determined for any program 
by examining this cost fiictor in conjunction with the 
degree of success of a program in meeting its desired 
objectives. More meaningful and intelligent decisions can 
be made when dealing with the appropriate data. 
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CESI OPENING GENERAL SESSION 

ETHICS, MORALITY, AND VALUES IN SCIENCE 
AND SCIENCE EDUCATION (ABSTRACT) 

Harold G. Cassidy, Professor-at-Large, Hanover 
College, Indiana 

The subject is approached from a scientific point of 
view. We start with the statement and definition of two 
boundary conditions: our awareness of self and of 
other-tftan'Self We also know that we are not independent 
of our habitat, but depend upon it for life. A related pair 
of boundary conditions is that there is a personal, 
subjective, private inner reality inaccessible in any direct 
sense to others, and the public, objective reality of science 
that can be validated directly by others. The clinical and 
theoretical work of Piaget and co-workers has shown how 
these two realities develop. The newborn infant does not 
distinguish itself from its habitat. As it acts, at first 
randomly, then in a more directed way, it gradually comes 
to realize and construct an outer reality. We may consider 
that the individual, during growth, constructs both an 
inner set of frames of reference and an outer set, and 
endeavors to make them correspond. In this process of 
construction the individual discovers invariant relations 
between the frames. Science is most successful in this 
respect. The constructs and the laws that connect them 
and make up scientific theory serve well to deal with 
external reality. They form a pattern that carries great 
meaningfuiness and that confers meaning and a sense of 
identity on scientists in teaching and research. 

In inner reality, also, there are invariants. These are 
absolutes that serve to bound and give meaning to the 
range of relative values, morality, and ethics. Like all 
absolutes they cannot be attained, yet are as definite as 
data and a theory tliat allows extrapolation to the limiting 
absolute can make them. Scientific knowledge, too, is 
relative. This can be seen because scientific knowledge is 
not an end in itself. It will be used. The ends for which it 
is used may be good or evil. Tliis being clearly the case the 
scientist is individually responsible for his work. 

Tlie applicath>ns to science education are many. 
Students may properly be tauglit the relativity of science. 
They may be shown the bounding absolutes that give 
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meaning to and control over this range* Values arc 
properly introduced: honesty, Integrity, responsibility, 
concern for consequences, and so on. If these values 
were also demonstrated by the teacher, science 
education would have its greatest impact in helping the 
scientist and layman to become a better person, Better 
peopk through science education. 



CESI CONCURRENT SESSIONS 

SESSION C-3 

CHILD*STRUCTURED LEARNING IN 
ELEMENTARY SCIENCE: HUMANISM VERSUS 
BEHAVIORISM 

Charles C. Matthews, Associate Professor of Science 
Education, Florida State University, Tallahassee 

In introducing his book, The Hidden Persuaders. 
Vance Packared wrote the following in 1957: 

It is about the large*scale efforts being made, 
often with impressive success, to channel our 
unthinking habits ... and our thought processes by 
the use of insights gleaned from psychiatry and the 
social sciences. Typically these efforts take place be- 
neath our level of awareness; so that the appeals 
which move us are often, in a sense, hidden. The 
result is that many of us are being influenced and 
manipulated far more than we realize, in the patterns 
of our everyday lives. 

Of course Packard was writing about behaviorism as 
it applied to massive advertising campaigns to create 
markets for products for which there existed no consumer 
demand. The truth of his 1957 predictions are 
frighteningly obvious as we see our 1974 environment 
under serious threat of pollution and depleted resources. 

I am concerned with the increasing use of behavior 
management techniques for the purpose of manipulating 
children who have not yet had the opportunity of 
developing their own unique personalities, interests, and 
needs. This paper and the associated videotapes and 
demonstrations are intended to communicate a set of 
systematically developed educational alternatives-alterna- 
tives to behaviorism. This systematic development and 
dissemination of these strategies seem of critical necessity 
if we make a reasonable assumption (or observation) that 
the following 1957 statement by Packard applies in 1974 
to our treatment of young people in schools: 

Some of the manipulating being attempted is 
simply amusing. Some of it is disquieting, particu- 
larly when viewed as a portent of what may be ahead 
on a more intensive and effective scale for us all. 
Co-operative scientists have come along providen- 
tially to furnish some awesome tools. 
In connection with these concerns, I should like to 
deal in this paper with two problems. 

Problem /. For several years, I have been hearing my 
colleagues in psychology telling teachers and teacher 
candidates, **Show me an undesirable behavior in a child 
and I'll tell you how to extinguish it in two weeks." More 
recently, I observe my colleagues in elementary education, 
early childhood education, and in various fields of special 
education and secondary education devoting numerous 
courses and many hours to teaching these behavior 
management techniques to inservice and preservice 



teachers. Fortunately, these university-level educators are 
not very skilled in the use of the very techniques they are 
advocating. This results in fairly few teachers becoming 
effective in the use of techniques identified as positive 
reinforcement, contingency reinforcement, behavior mod, 
etc. So far, the children are relatively safe. But soon the 
teachers of teachers-and subsequently the teachers 
themselves -will get it worked out. This will render the 
children completely vulnerable. For how many teachers 
will resist the pleasant, gentle, and effective "laying on" 
of their values to the children by the oh-so*convenient and 
completely-acceptable techniques the **experts" have 
taught them? Add to this the observation that many 
school systems are requiring teachers to attend "behavior 
modification workshops" and then to demonstrate the 
newly-learned techniques in their classrooms; you find 
that there is not only no escape for the children but no 
escape for the teacher either. 

Problem 2. Many teachers have never had oppor- 
tunities to analyze their own motives for working with 
children and subsequently to develop interactive processes 
which are consistent with these motives. Consequently 
many teachers use instructional^ strategies which are 
consistent with behaviorism when" they, in reality, have 
motives which are humanistic. Within this incongruent 
framework, they communicate erratic and confusing 
messages to children and accomplish little more than the 
alienation of themselves and their students. Teachers are 
exhausted at the end of the day and feel defeated in their 
teaching-truly feeling as if they've been trying to sink 30 
inflated balloons for six hours. 

In attempting to communicate my ideas and feelings 
specifically associated with these two problems and 
generally with the conflict between behaviorism and 
humanism in education, I shall present the framework 
from which my ideas and feelings evolved. The remainder 
of this paper describes 1968-74 activities of two related 
research and development projects which have influ- 
enced-and have been influenced by-all the teaching of 
elementary, secondary, and college students I have done 
during that period. The CSLA Project (Child-Structured 
Learning in Science), which I directed from 1968-1972, 
has gradually evolved into Project LEO (Learning 
Environment and Outcomes), of which I am currently 
co-director. The CSLS Project developed humanistic 
strategies and materials and Project LEO has developed 
quantitative definitions of these CSLS Strategies--which 
are now identified as "student-structured learning in 
science" (SSLS). Project LEO has also identified and 
defined quantitatively a set of frequently used behav- 
ioristic instructional strategies which are identified as 
"teacher-structured learning in science" (TSLS). Project 
LEO^ is now studying differences in environments and 
outcomes associated with these forms of behavioristic and 
humanistic teaching. 

^Project LEO investigators are Ron Good, Jim Shymansky, 
Pat Kolebas, John Penick* Jane Leonard, Tom Allen, Dorothy 
Schlitt» Charles Matthews, and a number of teachers and teacher 
candidates at FSU. 

Child-Structured Learning in Science, 1968-1972 

The CSLS Project was an effort to identify and 
implement activities and materials which would facilitate 
maximum affective and cognitive learning in science. The 
project began in 1968 with initial funding from the 
Georgia Department of Education and the National 
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Instructional Television Center, Funding was subsequently 
received from Florida State University and the Florida 
Department of Education. Much of the effort which went 
into this project, however, consisted of donations of time 
and expertise by psychologists, scientists, science 
educators, students, and teachers in many parts of the 
United States and Canada. 

The CSLS Project reflected the following assump- 
tions (191, (:0I; 

1. It is possible to logically derive learning conditions 
from goals and characteristics of learners. 

2. Learning conditions must reflect what is not known 
as well as what is known about student. 

3. Teacher behavior and learning materials are the 
dominant (actors in determining learning con- 
ditions -since these two factors communicate to the 
students both conceptual and operational meanings 
ot learning. 

4. Learning how to learn can be facilitated by school 
experiences. 

5. Self«actuali/ed learning is the most important goal of 
education. 

6. Learning conditions can be tested by studying 
interactive processes and outcomes of educational 
activities. 

The broad goals of CSLS activities are outgrowths of 
value judgments made by several hundred scientists, 
science educators, human development specialists, 
teachers, parents, and students. Tliese goals can be charac- 
terized as "humanistic*' in intent because they: (a) focus 
on the development of the individuaPs full potential, (b) 
facilitate individuality in learners, and (c) are associated 
with productive learning under conditions of maximum 
freedom. 

CSLS goals emphasize conceptual learning over skill 
learning. According to CSLS, skill learning can result from 
imitation (verbal or non-verbal) but conceptual learning 
grows out of the cognition and affect of the student. 
Conceptual learning is that learning which is created or 
structured within and by the student. All CSLS activities 
have the following long term goats: 

1 . To enhance systematic and creative thinking abilities 
of students in pursuit of investigations or solutions to 
problems. 

2. To enhance students* beliefs that they can interpret 
and manipulate their own environments-that they 
are part of their environments and dependent upon 
them. 

3. To facilitate for students the development of positive 
self concepts with regard to independent learning and 
responsible manipulation of their environments. 

4. To facilitate individual development of interests, 
attitudes, personalities, and creativity in order to 
enhance the continued development of tndi^duality 
in students. 

5. To facilitate students* tendencies to accept other 
individuals-especially those who have ideas and 
values which are different from their own. 

These long term conceptual goals are operationally 
defined by more specific statements of desired affective 
ana cognitive learning. CSLS affective objectives are 
associated with the development of positive self concept 
with regard to independent learning. Within the CSLS 
Project « this means that students: 
1 . Identify themselves as persons who can successfully 

study their environments, and choose to use what 

they learn about their environments. 



2. Describe learning in terms of activities which make 
sense to them and feel comfortable with these 
descriptions. 

3. Accept their own explanations for natural phe- 
nomena and modify these only when they cease to 
be compatible with their own interpretations of their 
environments. 

4. Feel comfortable in stating alternative explanations 
for observed phenomena. 

5. Identify and accept tentativeness as an important 
characteristic of knowledge. 

CSLS cognitive objectives are associated with the 
goal of communicating how creative and systematic 
thinking relate to solving self-perceived problems. 
Students should be able to design activities without 
prompting and complete activities without instruction in 
which they: 

1. Manipulate objects or systems in ways which are 
dependent upon self-perceived properties of the 
objects or systems. 

2. Identify relationships among properties of objects or 
among the factors which affect the behaviors of 
systems. 

3. Manipulate objects and systems to test the usefulness 
of the relationships which they have identified. 
Although CSLS activities obviously take into account 

physical characteristics of learners, the research base for 
CSLS activities is associated primarily with emotional and 
cognitive characteristics of learners. The work of 
numerous researchers has shed considerable light on the 
emotional characteristics which most people have in 
common. The following research based statements have 
relevance to CSLS activities: 

1. The human being is characterized by a tendency 
toward learning. Unless barriers have been erected, a 
person will choose to learn. [25] 

2. "Need to know" is insatiable and continually forces 
persons to rearrange ideas into patterns which make 
more sense to them. [9] 

Cognitive characteristics of students are those 
characteristics associated with the thinking which is 
available to students. The Piagetian school, Bruner's 
group, and certain of the Soviet psychologists envision 
these characteristics as representation systems available to 
individuals for dealing with future encounters of the 
organism with reality [241, [5], [29]. A brief listing of 
research supported statements on cognitive characteristics 
which grew out of Piaget's work is given below [24] : 

1. The cognition of human beings progresses through 
stages characterized by increasingly powerful repre- 
sentation systems. 

2. The ordering of these stages of cognitive develop- 
ment is constant and has been found in all societies 
studied. 

3. Chronological ages associated with stages of cognitive 
development vary from one person to another. 

4. Interpretation of the environment and problem 
solving associated with this interpretation are limited 
by representation systems available to individuals. 
CSLS takes into account the following well known 

examples of resaerch supported statements associated 
with facilitative classroom behavioral patterns: 

1. Openness and self-directiveness characterize environ- 
ments which tend to facilitate goals associated with 
creativity in the sciences and wisdom in those fields 
with social concern [28] . 

2. Students tend to copy the behavioral patterns 
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exhibited by the teacher. If the teacher tries to 
dominate students, students try to dominate each 
other; if the teacher accepts students, students tend 
to be accepting of each otiier [2] , [3] , [4] . 
3« Directive teaching behaviors tend to produce 
disruptive anxieties in students and reduce the 
learning of new concepts [71 , (6) . 

4. Constraint teacher behaviors tend to produce a high 
level of dependency of students on their teacher 
(121. 

5. Directing students to engage in manipulative or 
verbal operations which they cannot engage in 
mentally tends to erect knowledge superstructures 
which crumble under the slightest cognitive stress. 

IM 

6. Long term learning seems to be characterized by 
personal involvement, self-initiation, a sense of 
discovery, pervasiveness, self-evaluation, and 
meaningfulness. [25] 

In identifying CSLS materials, the following two 
research based statements were heeded. 

1. Knowing an object requires acting on the object- 
modifying it, transforming it. Learning seems to 
result from what one does to objects in the 
environment and the doing must be both physical 
and mental. [24) 

2. Logical thinking does not derive from verbal learning 
but, rather from a total 'coordination of actions on 
object. [24] 

This led CSLS to distinguish between representa- 
tional and non-representational materials and to place 
almost total dependence on non-representational ma- 
terials-until the student initiated an interest in the use of 
representational materials. Objects were used for them- 
selves rather than as representations of other objects, 
events, or ideas. A blue glass marble, as a non- 
representational object, is whatever the student perceives 
it to be. It is not presented as a representation of glass 
objects, blue objects, spherical objects, or any other class 
of objects. Obviously, it is not used to represent an atom, 
a nucleus, or a molecule. Printed or pictorial materials, as 
representational materials, give way to manipulative, 
non-representational materials Words are used but never 
substituted for objects or events by CSLS teachers. 

A major activity of the CSLS project was the 
derivation from goals and student characteristics of a set 
of learning conditions. CSLS classroom conditions, which 
grew out of the previou^y stated goals and research on 
student characteristics are characterized by: 

1. student access to a variety of materials with freedom 
to use or ignore them in an environment, that allows, 
but does not require, interaction with the teacher 
and/or other students: 

2. unprescribed specifications for what students must 
learn or how they must learn since a teacher cannot 
know a student's precise cognitive levels. 

3. sessions with no specific beginning, middle, or end: 

4. student freedom to use the materials in any way 
desired so long as other students are not disturbed or 
materials damaged unnecessarily; 

5. student termination of the sessions determined by 
each individual; 

6. student decisions about whether to work individually 
or in groups with the option to change. 

Tlie role of the teacher is to: 
1. make available the greatest possible variety of 
materials for student use. 



2. respond to what students are doing rather than giving 
directions for students to follow* Printed materials 
do not prescribe or give directions. 

3. respond to individual students rather than giving a 
generalized response to groups of students. 

4. respond by asking questions or making neutral 
(nonevaluative) comments, to which students may 
respond or not as they choose. 

5. avoid rewarding or evaluating students for their 
activities, as these acts would communicate to 
students that the teacher wants them to discover the 
secret objectives of the lesson. 

6. accept (but not reinforce) both "correct" and 
**incorrect'* statements by the students. To do 
otherwise would suggest that the teachers know 
what the student^s perception is better than the 
student knows himself. Neither does the teacher 
provide printed feedback for the purpose of 
establishing "correctness'* of the student's per- 
ceptions. 

Investigations [16], [17] conducted during the 
1968-69 school year compared three different science 
programs for children within the age range 514 to 6^A 
years. Nineteen teachers and S70 students were studied 
for the purpose of comparing: A textbook-based program. 
Science A Process Approach Part A and CSLS Level 
One. [19], [20] 

Utilizing the Science Curriculum Assessment System 
[18], teacher behaviors, student behaviors, and student 
cognitive developmental characteristics were studied. 
Examination of the data from these investigations made it 
obvious that CSLS Level One involved decidedly less 
teacher directiveness and decidedly more teacher inter- 
action with individuals and small groups of students. The 
study also made it clear that CSLS Level One students did 
more self-initiated and self-designed activities with no 
increase in disruptive activity or idleness. Data on 
cognitive developmental levels of students revealed no 
significant differences among programs and placed the 
majority of students at Piaget's preoperational level. 

Project LEO, 1971-1974 

In September 1971 a project was initiated to study 
learning environments and outcomes associated with the 
strategies developed previously in CSLS. These were to be 
compared with a contrasting set of strategies which had 
been observed to be in widespread usage for K-12 science 
teaching. The two sets of strategies were identified as 
"student-structured learning in science" (SSLS) and 
"teacher-structured learning in science" (TSLS). Althougli 
these strategies are defined quantitatively in terms of 
contrasting teaching behaviors, the overall framework for 
the study is better understood in terms of contrasts 
between SSLS and TSLS goals and activities-as well as 
teacher behaviors. 

SSLS goals are identical to those given previously as 
"CSLS Goals." TSLS goals are derived from the practices 
of numerous K-12 science teachers and reflect what the 
Project LEO investigators consider important contrasts 
with SSLS goals. Whereas SSLS goals emphasize 
conceptual learning and an open (humanistic) environ- 
ment. TSLS goals emphasize skill learning and a closed 
(bchavioristic) environment. When implementing TSLS 
strategies, the teacher investigators of Project LEO 
generated behaviors from a framework in which learning 
selected skills was of nia/or importance and training the 
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sttuicnr in these skills was a major goal More specifically » 
TSLS iong-term goals are to enhance and facilitate: 

1 . the verbal and manipulative skills of students in the 
pursuit of activities compatible with the structure 
and processes of science and the competencies of the 
student as perceived by iho teacher or other experts. 

2. students' beliefs that their careful attention to 
directions based on the judgment of authorities will 
preserve their environinents. 

3. the develi^pment of positive self-concepts in students 
with regard to following directions in the manipula- 
tion of their environments. 

4. the development of interests, attitudes, and personal- 
ities which fit inti) the expert's perception of societal 
needs, 

5. student tendencies to seek ideas and values which can 
remain unchanged throughout their lives. 

These long-term, skill-oriented goals are operationally 
defined by more specific statements of desired affective 
and cognitive learning. TSLS affective objectives are 
associated with the development of an accurate concept 
of self with regard to skill learning. Within the TSLS 
framework this means that students: 

1. Correctly assess and accept their own science skills 
relative to those of their peers. 

2. Accept science as overt verbal and manipulative skills 
and correct knowledge. 

3. Feel comfortable in stating what experts recogni/e as 
correct explanatiims for natural phenomena which 
they liave covered in their science program. 

4. Feel comfortable in stating the explanations (for 
observed phenomena) which have been detailed 
previously by the teacher or another authority, 

5. Identify and accept correctness as the most 
important characteristics of scientific knowledge, 
TSLS cvgnirive objectives are associated with training 

students in the skills of science aful how these skills are 
used in efficiently and correctly solving practical 
problems. Students who complete the TSLS program 
should be able to follow instructions which require that 
they: 

1. manipulate objects in ways which correctly identify 
and measure the properties of the objects. 

2. correctly identify relationships among properties of 
objects or among the factors which affect the 
behaviors of systems. 

3. use expert sources to check the correctness of 
properties of objects, the relationships which they 
have identified, and general knowledge. 

A modification of teacher behavior categories 
developed by Matthews (18] in 1%8, was utilized to 
dcHne SSLS and TSLS teacfier behaviors quantitatively. 
SSLS teaclier behaviors are essentially responsive (non- 
directive) and neutrally accepting (non-evaluative) toward 
students. Bi)th SSLS and TSLS teacher behaviors include 
quesiiiMis and observations. 

An important condition for SSLS and TSLS is the 
number of students with which the teacher interacts at a 
given moment. Although group si/e for both SSLS and 
TSLS was 25-30 students, ^)^> percent of teacher behaviors 
mvolved interaction with fewer than seven students 
usually one \n twi). Therefore, the teacfier was essentially 
'*rovin^" among students. Both SSLS and TSLS are 
*'individuali/ed science,** TSLS being prescriptive and 
SSLS being non-prescriptive. TSLS teaching narrows 
alternatives hr students to those which the teacher 
identifies as mosi efficient for the student; SSLS teaching 



maximizes alternatives (short of endangering the rights of 
other people). 

SSLS and TSLS Activities 

In studying the effects of contrasting teacher 
behaviors on students, all other conditions were held 
constant. This included materials and other physical 
facilities. Since all materials for SSLS and TSLS are 
identical, the differences in tlie activities result from the 
differences in the teacher behaviors. 

During the summer of 1971, quantitative definitions 
of SSLS and TSLS teaching beliaviors were finalized and 
the teacher learned sets of contrai,ting behaviors and 
demonstrated these consistently within the ranges shown 
in Table 1, Activities were identified, materials were 
collected and pre- and post-test instruments were 
developed. Research assistants were trained for data 
collection. 

Beginning in September 1971, a pilot study was 
conducted with 52 students ranging from years to 1054 
years of age. Twenty-six students were randomly assigned 
to SSLS and the remaining 26 constituted the TSLS 
group. Students were assigned with a class ranking 
restriction on randomization to insure a range of students 
in each section. Using the California Short-Form Test of 
Mental Maturity and fourth grade achievement grades, 
students were privately designated as high rank, middle 
rank, and low rank. During daily SSLS and TSLS sessions 
students were observed individually and their behaviors 
were coded on a modification of SCAS Student Behavior 
Categories [18], Utilizing Forms A and B of the TAB 
Inventory of Science Processes students were pre- and 
post-tested. These two studies were consistent in findings, 
yielding the following conclusions (261 , (23J : 

1. SSLS low- and middle-ranked students did as well as 
SSLS high-ranked students in problem-solving. 

2. TSLS higli-ranked students did about the same as 
SSLS high-ranked students in problem solving. 

3. TSLS low-ranked students did not do as well as TSLS 
middle-ranked students and TSLS middle-ranked 
students scored lower than TSLS high-ranked 
students on problem solving. 

4. When SCAS behaviors of SSLS and TSLS students 
were compared to the TSLS students: 

a. did more "observing the teacher". 

b. did more "following teacher directions". 

c. did less "self-designed activity". 

d. did more "initiating interaction with teacher", 
and 

e. did about the same amount of "iesson-related 
behaviors" as did SSLS students. 

5. SCAS BEHAVIORS OF TSLS low-ranked students 
were different from other TSLS students in that the 
low-ranked students: 

a. exhibited less "lesson-related'' behaviors, 

b. **observed the teacher" more, and 

c. "followed teacher directions" less. 

6. SCAS behaviors of SSLS low-, middle-, and 
high-ranked students were about the same- 
Based on these findings and utilizing new or modified 

instruments, a 1972-73 study was designed and 
implemented with 250 students ranging in age from 5'/> to 
to*/: years and with 50 high school students enrolled in 
first-year general chemistry. During the 30-week SSLS and 
TSLS treatment, students were studied in the following 
ways: 

1. Classroom behaviors. Utili/.ing SCAS student be- 
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havior categories, studeiUs were observed individually 
and behaviors were coded, f 1 3) 

2. ProbletfMolving ahittty ana confidence. Utili/ing an 
individual interview students were pre- and post- 
tested for ability and confidence in the solution to 
ten selected problems. (IS) 

3. Cognitive developmental chamnristics. Utilizing an 
individual interview students were pre* and post* 
tested on conservation and similar tasks. (8] 

4. Self concept wirfi regard to science and independent 
activity. Utili/ing a group-administered instrument 
(with individual assistance and monitoring), students 
were pre- and post-tested on their feelings and 
tendencies regarding science and other independent 
activities. [27] 

5. Information acquired. Utili/ing a set of standardized 
tests students were pre- and post-tested on science 
information acquisition and information acquisition 
in general. { 14) 

6. Teacher ippipressions. Teachers made subjective 
judgments and kept daily logs of what they 
considered significant events. (11) Participating 
teachers and investigators met once each week to 
discuss these and to plan for the next week. 

To summarize briefly the findings indicated that, 
after one school year of SSLS and TSLS conditions, SSLS 
students exhibited higher levels of: 

1. ability to solve certain problems, 

2. confidence in their ability to solve certain problems, 

3. self-initiative and self-directiveness in engaging in 
learning activities, and 

4. verbal creativity. 

TSLS students exliibited higlier levels of: 

1 . listening to and watching the teacher, 

2. carrying out teacher-designed activities, 

3. copying other students, and 

4. initiating interaction with the teacher. 

In general, it can be stated that the investigations 
conducted thus far have consistently indicated that 
stiidepits are more independent and fully functioning 
under SSLS conditions tlrnn wider TSLS conditions with 
no increase in disruptive behaviors. 

The 1973-74 school year is devoted to a second-year 
study of 52 of the elementary school students who were 
studied during 1972-73. Th^se 52 students were retained 
in their original groupings and are currently continuing 
under SSLS and TSLS conditions. Additionally, two new 
groups of high school chemistry students are being 
studied -one group under SSLS and one group under 
TSLS conditions. Data will be analyzed in Fall 1974. 

The 1974-75 school year will be devoted to 
comparative <;tudies of more subtle contrasting strategies 
within the SSLS framework. In addition to continuing the 
investigations of learning and outcomes. Project LEO will: 

1. provide consultation services to groups who wish to 
conduct their own research or who wish to 
implement SSLS- or TSLS-related teaching strategies, 
and 

2. publish instruments, techniques, findings, and 
implications of CSLSand Project LEO investigations. 
I believe the purely cognitive arguments and research 

presented in this paper clearly support the following 
statements: 

1, It is possible to differentiate quantitatively between 
humanistic environments and behavioristic environ- 
ments. 

2. It is possible to identify differences in the 



educational outcomes associated with humanistic and 
behavioristic environments. 

3. The freedom associated with humanistic learning 
environments does not result in the chaos and 
irresponsibility that many people fear. 

4. Children develop more positive self concepts in the 
absence of overt verbal and other rewards which 
many behaviorists advocate as essential. 

5. Skill development and information acquisition do 
take place in environments which do not require 
students to engage in specific skill development and 
information-oriented activity. 

6. Teachers can establish humanistic environments 
through systematic efforts to channel their behaviors 
into patterns which are consistent with their 
humanistic values, motives, or goals. 

There are alternatives to behaviorism in the 
elementary school classroom. These alternatives, once 
learned, can be implemented without high risk to teacher 
or student. Teachers can develop congruency between 
values and instructional practices. Through systematic 
effort and introspective analysis, teachers can communi- 
cate consistently and continuously to students, **I love 
you; I am concerned for your welfare; and I believe in 
your responsibility to yourself." 
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SESSION CC4 

THE ROLE OF FUTURES RESEARCH IN PRE- 
COLLEGE SCIENCE INSTRUCTION 

Christopher J. Dede, School of Education, Uni- 
versity of Massachusetts, Amherst 

As science educators increasingly emphasize **sci* 
ence for citizens," the methodologies and the findings 
of futures research are becoming Important in science 
Instruction, Over the last 20 years, the gradual emergen- 
ce of futures research as a new field of knowledge has 
been paralleled by an increasing concern among science 
educators and students for Including in the science 
curriculum material about the impacts of science on 
society. The research that I have been doing leads me to 
believe that incorporation of selected elements of the 
tools, results, and structure of knowledge of futures 
research could greatly enrich science education for 
science students and non-science students alike. 

Briefly, futures research can make three major 
contributions to science instruction. First, through learn- 
ing the strengths and weaknesses of methodologies for 
long-range technological assessment (such as the Delphi 
technique, the cross-impact matrix, and sophisticated 
trend extrapolation), students can themselves begin to 
evaluate the validity of contemporary predictions about 
the population explosion, ecological catastrophes, exten- 
sive biological manipulations, and similar effects of 
science and technology on society. Through this know- 
ledge, students will become better able, as citizens, to 
make intelligent decisions when conflicting claims are 
made about the likely 'impacts of a technological 
discovery. 

Second, some of the alienation many students feel 
towards required science courses may stem from feelings 
of individual powerlessness to affect the future of 
society and from a sense of having no influence on 
whether science and technology are used for good or for 
ill. Through utilizing simplified versions of futures tools, 
students in science courses can evolve their own partici- 
patory forecasts of how science and technology may 
affect society in the next generation. Further, u,sing 
normative forecasting techniques, students can choose 
from among those alternative futures they personally 
consider most desirable. By then collectively discussing 
policies which they can use as citizens to bring science 
and technology closer to their desired futures, students 
can gain a sense of potential control over the impact of 
science on their lives. 

Third, science educators can use the findings of 
futures research to fulfill their responsibility of prepar- 
ing students to act as responsible citizens over the next 
half century. The major schools of thouglit in futures 
research are a powerful resource for assessing what 
science-based skills and informatioti students are likely to 
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need to make intelligent dccisiuns witliiti our democracy. 
To teach students about the energy crisis is a worthwhile 
tbcus or the science curriculutn, bui tar more vatuabie 
would be teaching them about the likely technological 
crises we will face in l^)%» It' we hud only incorporated 
material from the 1058 federal projections on energy 
resources in the post-Sputnik science retbrmSi we might 
be in bettei shape today! 

Vot these reasons, tiitures research is an important 
source of information and ideas for science education. 
Before summarising tlie work which has been done thus 
far on utili/.ing futures tools in the science classroonu a 
brief outline of tlie current status of futures research as a 
tleld of knowledge seems appropriate. 

Harly Wi)rk on disciplined prediction of the future 
began at Rand Corporatiim in 1^52, a product both of the 
growing tleld of economic forecasting and of the desire of 
the military for long-range assessments of likely 
developments in weapons technology. During the last 
twenty years» futures research has developed a large 
number of methodologies unique to the Held and has 
expanded into specializations in *'cononiic, political, 
social. technologicuK industriah and educational forecast 
ing. The goals of all these different types of forecasting 
are identical: 

1 . the systematic determination of the major alternative 

futures which can emerge from our present, and 
2* th*.* delineation of how our present actions can 

intluence which of these alternatives will occur. 

Remarkably little fanfare has accompanied this 
growth, partially because most serious futures work takes 
place in think-tanks and goes directly to high-level federal 
decision-makers without much public distribution, and 
partially because futurists are naturally concerned about 
the flcld^s developing the prerequisites of a discipline 
before it receives extensive media exposure. Of course, a 
growing number of so-called "futures experts*' arc 
attempting to seize the public limelight (Alvin Toftler 
being perhaps the best known), but their work bears Uttle 
rescmblence to sophisticated efforts in the tleld. 

My own background in futures research comes from 
having served as Director of the Program for tlie Study of 
the Future in Education at the University of Massa- 
chusetts. Tiie program is not a futures think-tank, but 
rather is one of the few groups in the country acting as a 
"translator** between futures researchers and tlie lay 
public. For the last four years, we have been selecting 
from futures research those methods and results which 
seem lo have major significance for education. We then 
disseminate this infi>rmation througli an inservicc 
consortium of teachers interested in *'futurizing'* their 
curriculum, a preservice teacher training program, our 
own masters and doctiual degree programs, and a free 
newsletter. Because my own professional commitment 
centers on improving science instruction, my work in the 
program has focused on those aspects of futures research 
which speak to issues of science, technology, and society. 

Tlie niaji)r futures publications easily accessible to 
science educators that 1 have found most useful are: 

1. The Year 200(K Herman Kahii and Anthony Wiener, 
(Toronto: Macmillan Co.. 1067) 

2. The Xext 100 Years. II Brown J. Bonner, J » Weir. 
(New York: Viking Press, 1^57) 

3. *mat We Must Do." John Piatt. Science. 2S, (Nov. 
W)pp. 115-121. 

4. The IMuifs to Cnnvth. D. Mc lows et ah. (New 
York: Universe Biioks, 1^)72) 



S« An Ahemtiw t'\itUK for Anwrtca II Robert 
Tlieobald»(rhlcaao: Swallow Press, 1^70) 

6. Thv ComiPtg of Poshlndustrial Soeivty. Daniel Belli 
(New York: Basic Hooks. 1^7.^) 

7. Where the WastelanU Kmis. Theodore Kos/ak, (New 
York: Doubleday, \m) 

8. Alternative Futures (nui /u/mvir/iwa/ Policy. Willis 
llarmin, (Menio Park. CA: liPRC, Stanford Research 
Institute. 1^)70) 

Out of these woiks and a targe number of more 
technical publications 1 have prepared a three-hundred- 
page report on the implications of futures research for the 
secondary level science curriculum, Brietty» the report 
argues that post-Sputnik reforms to date do not contain 
enough material on science/society issues (such as 
biological manipulatiinO which will be of importance 
wheti present students arc decision-makers hi the society. 
Specitlc suggestions are made in tiie report about what 
needs to be added so that the appropriate skills and 
intormation are comnumicated. 

As one step towards putting st>me of uiese ideas into 
practice, during the past year I have been working on the 
formation of a Science Education Task Force at the 
University of Massachusetts which will integrate the 
efforts of the various natural science divisions, the 
professional schools, and the school of education. Tlie 
tlrst goal of this task force will be to design a model for a 
new three semester core curriculum in science, orgatiized 
around the futures conceptions I have outlined. 

In addition to working on this theoretical framework 
for what cognitive skills science education should convey, 
I and the program have been experimenting with adapting 
futures research tools to classroom use (a good summary 
of this work is contained in **Teaching About the 
Future". Instructor, Vol. 83, No, 1. (Aug/Sept. *73) i)p. 
65-671. The tools which seem most productive for 
instructional use in science are the Delphi technique, the 
cross-impact matrix, scenario construction, and the 
futures wheel. We have also invented some instructional 
techniques (,such as the "Build Your Future Body** 
exercise) which speak directly to science/society issues. 
In-tleld-based tests of these instructional strategies in 
elementary scIu)ols« iiigh schools, and college courses have 
been very encouraging, although of course these modified 
tools are most productive when used as part of an 
integrated unit on science and the future. [One such 
excellent tw(»-week unit on environmental forecasting has 
been produced at Shawnee Mission High School, Kansas 
(discussed in the December. 1973 Science Teacher]]. 

To summarize, through evolving a new framework 
for the coment of science education, we can incorporate 
skills both from the scientitlc disciplines and from tletds 
of knowledge such as futures research. Further, by 
utilizing futures methodologies in the science classroom, 
within this framework we can help students to gain a 
sense of potential control over science and technology. 
This integrated approach will enable us to better prepare 
scientists competent to serve society and citizens able to 
decide how science should affect their lives. 



NSSA CONCURRENT SESSIONS 
SESSION N-4 

INSPIRATION IS NOT ENOUGH^A REPORT ON AN 
ONTARIO MINISTRY OF EDUCATION INSERVICE 
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PROJECT IN ELEMENTARY SCHOOL SCIENCE 
TEACHER PREPARATION (An UlustratMl Mmiittrl 

Mitchell E, BatofT, Associate Professor of Science 
Education, Jersey City State College, Jersey City, 
New Jersey 

John G. Cornfield, Assistant Head of Science, 
Ridgemont High School, Ottawa, Ontario, Canada 

The central thesis of this presentation is that 
inspiration and knowledge, obtained in an inser^dce 
elementary school science course, are necessary but 
insufflcient to change a teacher's style of teaching once 
he or she returns to the classroom after the course. In 
addition to a desire for change a tangible ingredient is 
also needed. Fundamentally, the missing element is a 
pump priming effort. 

Many a program funded by the National Science 
Foundation,^ as well as courses sponsored by other 
agencies, has left teachers inspired, perhaps a little more 
knowledgeable, but terribly frustrated. They returned to 
their classrooms at the end of the summer no more able 
to implement some newly acquired grandiose ideas than 
prior to the course. Their teaching style remained about 
the same as before the inservice course. Hiey wanted to 
change (which is an indispensable first step) but lacked 
the wherewithal to implement materials*centered inqui- 
ry-oriented teaching which was often the focus of the 
summer program in which they participated. The tangi- 
ble ingredient of hardware was lacking. Accordingly, 
"wet laboratory" situations were still nonexistent. Talk 
and chalk still predominated. Manipulative-investigative 
materials are needed in any viable elementary school 
science program including those which utilize the natural 
environment. Inspiration is not enough. This is a fact of 
life, a bald reality. 

Surely this presentation offers no panacea for a 
complex multifacetcd problem (involving hardware and 
other factors as well) but does show the efforts of a 
novel summer program offered in 1972 and 1973 by the 
Ontario Ministry of Education. The writer believes that 
the participating teachers' style of teaching may have 
been modifled, at least a little, as a result of an 
innovative pump priming assignment built into a certifi- 
cate course in elementary school science. This belief is 
based on the evidence so far accumulated in a five year 
follow-up study (in progress) of the summer program at 
Owen Sound in 1972 and Ottawa in 1973. 

The innovative pump priming effort was one of the 
following, required of each participant as the principal 
assignment and major project for the course: 

1. A Unit Box 

2. An Inquiry Centre^ 

3. Some variation on #1 or #2 

All three of these options are shown in the slide 
presentation. The video tape vignettes give some flavor 
of what the participating teachers derived from this 
assignment as well as their anticipated implementation 
strategies back in the classroom. The slides and narrative 
fully depict the Unit Box Experience. Further details on 
this are delineated in a paper available from the author. 



* Prior to the CCSS Program of NSI * which sought to 
alleviate this Hhorta>ming. 

^Patterned after a prototype designed by Doug M. JoUey 
of the Ministry of Hducation. 



Ihe Ontario Unit Box Project is an unexpected 
spinK>ff of six year! of experience with this approach at 
Jersey City State College, where the writer has had 764 
Unit Boxes assembled in thirty-seven classes taught over 
an eleven semester period (including 51 currently in 
progress during the Spring 1974 Semester). 

SESSION N-S 

PROCESS CONCEPTUALIZATION FOR THE SCI- 
ENCE COORDINATOR-MODELS 

Virginia Way, Science Coordinator, School District 
No, SO, Westminster, Colorado 

A coordinator, new to the job. faces many prob- 
lems. Out of a personal need to conceptualize some 
processes for myself and otners, I found that by 
constructing '^models/* the steps in a process or task 
became clear to me and those with whom I work, 

Four of these "models" are included in my presen- 
tation: 

1. A model for operation of selection process in- 
volving a committee. 

2. A model for program evaluation and implementa- 
tion. 

3. A model for EFS, a Title II project. 

4. A model for development of local environmental 
education projects. 



NSSA CURBSTONE CLINIC N-1 

SCIENCE EDUCATION: SMORGASBORD OR BAN* 
QUET STYLE? 

Gary E. Downs, State Science Consultant, Depart* 
ment of Public Instruction, Des Moines, Iowa 

Each of six discussion leaders gives a three-minute 
presentation relating how their education responsibilities 
fit the "Smorgasbord or Banquet Style." Foods, menu 
planning, balanced diet, basic foods, variety of foods 
and specific foods will be the '^themes'* used to tie the 
discussion together. 

For the "Smorgasbord" phase of the session the 
participants will be divided into six equal groups. A 
discussion leader will initiate discussion relating to 
Science Education Topics. 

Tlie participants will be regrouped for the "Ban- 
quet" phase of the session. Discussion leaders will 
initiate and guide the small group discussions focused on 
specific topics: 

1. Individualized Instruction 

2. Inservice 

3. Management and Organization 

4. Local, State, and National Science Professional 
Organizations 

5. Humaniz^tion 

6. Curriculum, Projects, and Programs 

"All" good ideas initiated in the group discussions 
will be compiled and mailed to each participant follow- 
ing the Convention. 

An evaluation exercise completes the session. 
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GENERAL SESSION I* 

SCIENCE EDUCATION FOR THE 
POST-INDUSTRIAL SOCIETY 
(ABSnUCT) 

Daniel Bell, Professor of Sociology, 
Harvard University, Cambridge, 
Massachusetts 

We are now seeing the emergence of a 
post-industrial society. The lineaments of 
this society are appearing and will work 
themselves out in the next 30 to 40 years. 
There are five dimensions to this society: 

1. Change from a goods producing to a 
service society-65 percent of the 
labor force are now engaged in services 
of a professional, technical, and 
human nature. 

2. Preeminence of professional and tech- 
nical classes in the society-skills are 
primarily educational skills. 

3. Centrality of theoretical knowledge as 
the source of innovation and policy 
formulation -theoretical knowledge 
becorr.w'S the directive force in society. 

4. Possiblity of controlling the con- 
sequences of technology and doing 
technological forecasting and assess- 
ment. 

5. Creation of a new type of intellectual 
technology. 

In this post-industrial society we will 
be increasingly dependent on theoretical 
knowledge and service to society. Our 
conceptions of science will be as a 
method of conceptual innovation and 
conceptual renovation. It is a constant 
reordering of knowledge, of seeing 
knowledge in different ways. It will be 
marked by the search for common 
attributes of what is studied. 

At present, our national science policy 
is a shambles, and we will be paying the 
price in the next 10 years or so. 

The crucial element in the post- 
industrial society is human capital, 
talent » brains, skills. We know how to 
raise money capitaL but we don't know 
very much about human capital, nor 

♦The full text of addresses by Daniel Bell, 
Harold G. Shane, Kdward B. Lindaman, Leslie 
w. Trowbridge, and Harrison H. Schmitt are 
available on cassettes. Write to NSTA for 
details. 



about how to husband human capital-* 
also a very important question. 

We are witnessing a disjunction be- 
tween science and the rest of society. We 
must be concerned with the relation of 
technology and various kinds of institu- 
tional support systems. The automobile, 
for instance is a technology, how we use 
it in society-our regulation or non* 
regulation of it -is a support system, A 
single technology can be embedded in 
different kinds of support systems. If we 
recognize that there are various kinds of 
support systems available, we can try to 
choose among them and base our choices 
on alternative costs and alternative 
consequences. We may have various in- 
stitutional systems utilizing the same 
technology. There are no imperatives of 
technology -only ways that people or- 
ganize and use technology. Machines 
can*t have judgment. The distinctive 
charactertistic of human beings is their 
ability to generalize, to formulate group 
rules, and to innovate. We must maintain 
the ability to keep open creative imagina- 
tion. What applies to all ed ucation 
whether you caU it science or literature, 
whether it is in a preindustrial or 
nostindustrial society is fundamentally 
the ability to open creative imagination. 
Any enterprise that can keep that going is 
essentially one which continues the 
human quest for knowledge. 



GENERAL SESSION II 

EDUCATION FOR TOMORROW: OUR 
TASKS AND RESPONSIBILITIES 
(ABSTRACT) 

Harold G. Shane, University Professor 
of Education, Indiana University , 
Bloomington 

Futures research has been of interest 
to men for a long time: in fact Louis XIV 
of France commissioned the first study of 
the future. Tliat commission did a fine 
job -but it failed to predict the French 
Revolution! 

The important thing to recognize 
about the future is that there are many 
futures and that there are many cross- 
impacts among disciplines. 

The significance of the future for 



education must include consideration of 
such current problems as inflation, the 
impact of the energy crisis, and the food 
crisis. 

Better tomorrows are not merely 
todays with their promises removed. We 
must be prepared to be startled by 
changes. 

Our tasks in education for tomorrow 
include: 

1. Development of lateral thinking-we 
need to have at least a 180 spread in 
our choices. 

2. Development of social thinking. 

3. Decisions on topics such as: What are 
we going to do about technology? 
What are we going to do about our 
human surpluses? 

4. Development of transnational policies. 

5. Behavioral life choices. 

6. Restoration of credibility. 

We need to alter the structure and 
content of education and to get rid of red 
tape and fragmentation. Education 
should be a seamless continuation of 
experience. 

A compulsory age for leaving school 
should be dropped in favor of open access 
to education at any time in life. 

We need lo substitute content in 
education -to introduce young children 
to models and computers and to ideas 
such as music as a means of communica- 
tion; and to increase attention to 
non-verbal learnings and to body lan- 
guage. 

In education our responsibilities also 
include doing a better job of teaching 
children of all ages what is happening in 
the worid: 

1 . Enriching our inner resources 

2. Sensitizing children to social traps 

3. Developing awareness of alternatives 
and consequences 

4. Creating tacit learning in the young 

S Rediscovering some of the old values. 

GENERAL SESSION III 

EVERYPERSON'S GENESIS II: 
OPPORTUNITIES IN APPLIED 
FUTURISTICS 

Edward B. Lindaman» President, 
Whitworth College, Spokane, 
Washington 
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Concern about the future is an 
obsession of the human species that ranks 
second only to obsession about the 
present. 

And that's essentially why mankind is 
in its present predicament, 

hurth's inhabitants have kept one eye 
open to the future -while both feet were 
solidly cemented in the present. 

At the personal level, this is typified 
by the fellow who "charts his future" 
with a horoscope and whose long-range 
planning is a matter of choosing between 
having a beer while watching "Wide 
World of Sports" on TV or mowing the 
lawn. 

Institutionary, symbols of our pres- 
ent-tense lif^^ityle are everywhere: pol- 
luted skic^ and streams, cost of living 
indir^ which tell us what our checkbook 
already knows, automobile lots crammed 
with excessive inventories of luxury- 
loaded gas guzzlers .... 

One way of conceptualizing our 
predicament has been advanced in mem- 
orable terms by William Irwin Thompson. 
He wrote in At the Edge of History that 
the lightning revelation of the reality of 
our moment in cosmic time has already 
occurred and "now we sleep in the brief 
interval between the liglitning and the 
thunder." 

The lightning, we might say, heralds 
the flash of the possible. It is preparing us 
for a new mentality and enables us to get 
in touch with a world that might be. 

What could the thunder be? Each of us 
has a private, unique vision of what lies 
ahead. Perhaps it is that time when 
everyone suddenly recognizes reality for 
what it is, that moment when we see and 
do the possible. What a critical break- 
through that would be, for it is only 
when we assume a future that we make it 
at least probable. Unless, of course, that 
future is the unplanned but logical 
consequence of the present. And who 
wants that, really? 

Why not think in terms of a Second 
Genesis? Why not assume the future we 
want for our world so that we can invent 
that future? 

The psychologist tells us we can 
re-invent our marriages, for example, by 
acting upon some basic assumptions 
about our partner, ourselves and our 



relationships with each other. Similarly, 
we can re-Invent our approach to the 
future. 

We might begin our first cliapter of 
Genesis II by taking another look at the 
Genesis I story in the Bible. God, we are 
told, admonished his first created male 
and female to "Be fruitful, and multiply 
, , , and have dominion over every living 
thing that moveth upon the earth." 
That's how we remember it, Conven* 
iently, we block out the phrase that tells 
us to "Be fruitful, and multiply, and 
replenish the earth " 

Century upon century we succeeded at 
being fruitful and populating our world 
without paying much attention to re- 
plenishing the earth. But now we've 
reached that point when worldwide 
production and population growth are 
conditional upon how well and how soon 
we replenish .... 

For the scientist, for the educator, 
the task of creatively assuming the future 
rests upon the formidable business of 
phasing out old images and phasing in 
new ones. 

The word "science," I suggest, is 
archaic. It should be indexed "old" aif.l 
"new." The old science is Newtonian: the 
universe is a big machine, it's mechanistic, 
everything is geared together, the rules 
are fixed and clear, one has only to 
build -build bridges, trains, cars, snow- 
mobiles, skyscrapers, shopping cen- 
ters. ... 

The new science is a host of 
mind-boggling concepts we've just begun 
to understand : relativity, quantum 
physics, high energy physics, depth 
psychology, pulsars, quasars, etc. It's a 
whole new game that's much more 
complex than we imagined. The content 
of science isn't the only change. It's clear 
that how we know and how we live in 
response to what we know are now 
post-Newtonian. We've moved from 
mechanism to processes and synergistic 
relationships. 

Mankind has moved beyond the 
macro-world of the seen. We*re into the 
micro-world: shaping, cooking, blending, 
tuning, melding, welding the realities we 
can't see. This is where the action is in 
science today. And in the meta-world, the 
world "out there" we are probing our 



solar system, and beyond. Pioneer 10 in 
80,000 years will approach our nearest 
star. Scientists are assuming exploration 
of the universe in fusion-powered ramjets 
which will travel near the speed of 
liglu-and this within 100 years. 

Future consciousness isn*t really such 
an alien idea. We haven't gone too far 
beyond reading tea leaves and gazing into 
crystal balls, but it is fair to say that an 
awareness of our power to create the 
future has become widespread in the 
western world. We're asking a new 
question in the public arena: "What kind 
of world do we want?" We arc past doing . 
something just because we can. Now we 
ask, "Why do it at all?" 

This really is applicable at all levels. 
Recently, in conversation with a group of 
grade school teachers, the question was 
raised, "Can a sixth grader have a future 
consciousness?" 

I proposed that one way to ensure that 
the answer is affirmative might be to 
approach a lesson or a subject from a new 
direction. Why not, for example, while 
teaching U.S. history have students take 
the Lewis and Clark expedition across the 
continent in 1990? This sort of angle 
opens the future. 

To explore our own philosophy of the 
future, we should grapple with these 
kinds of questions: 

1. Is the future predictable? Honestly, 
what is locked in about the future and 
what isn't locked in? 

2. Are there experts on the future? Who 
do you listen to; who can you believe? 

3. Is civilization as we know it coming to 
an end? Or will the future be more of 
what we now have? 

4. Is utopianism useful? Of what value is 
utopianism in setting images of the 
future? 

5. Who is best prepared to meet the 
future? How does one prepare? 
Generally, our views of the future fall 

into three categories. One view is to say 
that it will be an extrapolation of the 
past, i.e., the future will be the future of 
the past. We will move from an industrial 
society to a super-industrial society. 

Another view sees mankind swept up 
by powerful trends already set in motion 
and moving helplessly into the future. 

A third perspective is that the future is 
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not controlled by the past or present, but 
that men and women everywhere can 
invent the future. 

Those philosophic positions generate a 
variety of rationalizations and justitlca- 
tions. And, at the gut-level, one notes 
several typical kinds of behavior in 
response to one's rerceptioii of the 
future. One we hear a lot about is 
summed up by those who counsel a 
"return to the good old days," Another is 
based on the premise that the problems 
would go away if only we would stop 
being so complex and get back to the 
simple, basic ttn»hs. Still another re- 
sponse is to avoid dealing with the 
"whole mess" by losing one's self in a 
specialty. 

There is a different response that 
supports the view that we can invent the 
future. This is a willingness to exploit 
uncertainty. It sounds contradictory -but 
it means that we are active, probing 
surgically into our doubts and fears, 
daring the impossible. It means breaking 
out of molds and locked-in categories in 
order to make transdisciplinary models of 
the kind of future we want. 

We have several models to consider for 
this world of the future. Tlie industrial 
model is most familiar; after all, this is 
"where our world is at." This model 
presumes ever-increasing gross national 
products: taking more metals and fossil 
fuels out of the ground; manufacturing, 
distributing, and selling more produ 'ts; 
and on and on. 

A second model has considerable 
currency: this is the person-oriented 
model. Relationships get lots of emphasis. 
Material possessions are played down. We 
sing and dan:e and play. We value 
community. We devalue structural 
authority. 

The knowledge model has had some 
exposure, too. We still build, we still 
value relationships under this model, but 
the basic concern is learning and informa- 
tion exchange. The learning mode is 
dominant. 

A fourth model is earth-centered. The 
inajor emphasis is to care for the earth. 
We build, relate to one another, and 
learn, but the stewardship mode is our 
first concern. 

Of course, other generalized models 



exist for guiding our investment of time, 
energy, and resources. But cutting across 
all these models are shattering effects of 
what has been termed "transnational 
macro-technology," Seemingly innocent 
technology, mismanged for peaceful pur- 
poses, has the potential of doing more 
damage to the earth and its inhabitants 
than large scale wars. Weather modiflca* 
tion is but one example. Consider some 
others-satellite direct broadcast systems, 
the space shuttle, genetic stockpiling, 
drug controlled emotions. 

Each of these technologies has the 
potential of doing unimaginable harm or 
incredible good. We are seeing what we 
didn't see before. We are asking what we 
are doing to the earth and to each other. 
We have begun the excruciating process 
of shouldering responsibility for the 
future. More and more of us are trying on 
for size the habit of thinking ahead one, 
two, or more, generations. 

Of course this beginning won*t im- 
mediately wipe away the crises of our 
time. The crises are real and we must deal 
with them. The point is that there is 
substantial evidence that hope for the 
future is entirely appropriate for us. Til 
cite just one example that is close to 
me-the thrust at Whitworth College to 
become a college for the future. 

As a liberal arts college, we have made 
a commitment to creating an environ- 
ment for human development. That is our 
specific, campus-wide goal: to foster 
balanced growth in the intellectual, 
spiritual, emotional, and physical dimen- 
sions of all members of oui community. 
Further, our facuhy and staff take 
seriously their responsibilities to serve as 
facilitators for the attainment of basic 
competencies such as learning how to 
learn, using one*s style of learning to best 
advantage, screening and synthesizing 
information, and making input into the 
system. 

Taking a cue from systems manage- 
ment, Whitworth has instituted a student 
development program that integrates 
in-class and out-of-dass learning modes. 
The residence halls, for example, are 
deliberately and effectively used to help 
students discover their personal values, 
struggle to gain autonomy, attain inter- 
personal skills, and appreciate differences. 



All of this happens through a process- 
model approach, rather than either of the 
two traditional models of acting as 
substitute parents (prolonging adoles- 
cence and provoking anti-authoritarian 
behavior) or simply as operating on* 
campus hotels. 

These large and small changes of focus 
and application have moved the college 
experience at Whitworth closer to what it 
must be if graduates are to be architects 
of the future instead of its victims. 

But inventing the future cannot be the 
work of a few-done only by college 
graduates or any other group. All of us 
must be participants in the process. We 
need not all share the same dream, but we 
must share in the same hope that for all 
of us history has caused the future to 
take place in the present. In Kierkegaard's 
words, "He who fights the future figlits a 
dangerous enemy. The future is not. It 
borrows its strength from the man itself 
and when it has tricked him out of this it 
stands beside him as the enemy he must 
meet." The future is within each one of 
us; it only has to be pulled out of us in 
some way. 

In a very real sense, attitude and 
outlook become activity and new reality. 
Our world is ci )wded with proof that the 
frontiers of the possible aren't deter- 
mined by the limits of the actual. All of 
us can invent the future with confidence. 
After all, everything that is now possible 
was at one time impossible. 



SPECIAL GENERAL SESSION 

A DECADE OF 
PROMISE 

Leslie W. Trowbridge, NSTA President 
1973-74, Professor • ' Science, Uni- 
versity of Northern Colorado, Greeley 

As I have met with science teachers 
this year, I have been happy to note a 
vitality and enthusiasm for science 
teaching that bodes well for the decade 
aliead. The large attendance at this 
Chicago convention in spite of energy and 
inflation problems is evidence for this. 
Last tall, we had area conventions in 
Portland, Norfolk, and Boston that were 
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well attended and of very high quality. So 
far this year we have had 14 drive-in 
conferences scattered throughout the 
United States, with 14 still to be held 
before the end of the school year. The 
total attendance at these conferences is 
estimated at over 5,000 teachers. 

This is indicative of a vital, growing 
profession. Science teachers around the 
country are not shirking their duties in 
preparing themselves to do a better job of 
teaching science than ever before. There 
is ample reason for optimism about the 
decade to come. 

The program planning committee for 
this convention in choosing the theme, 
"1984: Minus Ten and Counting" was 
conscious of the need and the oppor- 
tunity to put science teaching back in 
focus during the next ten years. The 
theme underlies the urgency of this by 
reminding us that certain forces seem to 
be at work-in the environment, in 
society, in politics, and in education-that 
could, if left to chance or mismanage- 
ment produce a world in the next decade 
that is too near to that nightmare 
projected by George Orwell in his book 
1984. 15) 

Science is a large part of that world. 
Recent months have shown us clearly the 
burgeoning problems caused by energy 
shortages, environmental concerns, and 
the depression of the human spirit caused 
by prolonged fixation on political and 
governmental malfeasance. The communi- 
cation arts have reached such an advanced 
stage that we are in a state of perpetual 
bombardment by various news media. 
Today there is a minimal time lag 
between actual occurrence of an event 
and the documentary or analytical 
reporting of it. Assimilation time has 
been reduced to nearly zero. No longer 
do we have the leisure for reasoned » 
calculated decision-making. Our reactions 
are frequently on an emotional level- 
instead of on a rational level. As a result 
we see rapid swings in the scale from 
positive to negative or vice versa in 
popularity polls, opinion polls, polls on 
urgent problems, and the like. The 
communications media have an unprece- 
dented power which requires our best 
thinking to resolve the problems of 



balance* propriety, and responsibility in 
keeping the public informed. 

How does this relate to science 
teaching? Science teachers are not di- 
vorced from the world. Many of the 
pressing problems of today are science 
based or technology based. The develop- 
ment of a scientiflcally literate public, 
attuned to the concept of interrelatedness 
between scientific, technological, politi- 
cal, and sociological endeavors, is to a 
large extent the responsibility of science 
teachers. 

What does it mean to be scientiflcally 
literate? The Curriculum Committee of 
the NSTA dealt with this in 1970 in its 
publication, ''School Science Education 
for the 70s." (7) According to that 
committee, the scientiflcally literate per- 
son, among other attributes, 

-uses science concepts, process skills, 
and values in making everyday decisions 
as he interacts with other people and with 
his environment; 

-distinguishes between scientific evi- 
dence and personal opinion; 

-identifles the relationship between 
facts and theory; 

-recognizes the limitations as well as 
the usefulness of science and technology 
in advancing human welfare; 
and continues to inquire and increase his 
scientiflc knowledge throughout his life. 

In addition, scientiflcally literate per- 
sons will use the achievements of science 
and technology for the benefit of 
mankind. 

The document emphasizes that 
"Science, because it is a human under- 
taking, cannot be value-free. Emphases on 
values and on th^ social aspects of science 
and technology must be integral parts of 
any science curriculum." In Future 
Shock, Alvin Toffler underscores the 
extreme problems of adaptation, assimila- 
tion, and maintenance of one's equi- 
librium in a society enmeshed in rapidly 
accelerating change. [9] With reference 
to our rapidly changing society, the 
committee admonished that, "All teach- 
ers, and especially science teachers, are 
challenged to educate young people to 
expect, promote, and to direct societal 
change." 

Mortimer Adler, in a speech entitled 
"The Future o»" Man." described four 



revolutions man has lived through or is 
about to participate in. (1) The flrst of 

these, which occurred about 35,000 years 
ago, was the revolution brought about by 
man's transition from the primitive Stone 
Age to the age of iron and bronze. This 
was a technological change and began to 
spell the difference between living in a 
brutal condition with ineffective hand 
tools and a primitive human condition 
where animal power could be hamessed 
and small permanent villages or walled 
cities were developed. 

About 6,000 years ago, the second 
revolution occurred when human slavery 
became an institution of technological 
advancement. Unpleasant as it is to 
comtemplate, the class division into free 
man and serf provided the time and 
opportunities for a few individuals to 
engage in pursuits above the level of toil 
for pure survival and thereby initiated the 
beginnings of "civilized" activities in the 
arts, music, philosophy, sciences, and 
other areas. Fortunately, as an institu- 
tionalized form, slavery has largely 
disappeared in the world, but one might 
reflect on the residual forms of slavery 
still, remaining in effect due to economic, 
sociological, and political influences ex- 
tant today. 

The third revolution, according to 
Adler, is still with us. It is the 
democratic-industrial revolution of rising 
affluence among the world's peoples. Or 
perhaps more accurately it is the trending 
toward a universal equality of conditions. 
This revolution of course has tremendous 
implications for energy use and distribu- 
tion, and for an affluent nation like the 
United States the prospects may be 
disconcerting because of the possible 
leveling downward. Basically this revolu- 
tion would provide the good life for all, 
not just a few lucky or privileged peoples. 
Today's problems of energy procurement 
and distribution are part of the birth 
pangs of this revolution. Tlie ultimate 
realization of its goals may be in the 
distant future, but the problems of its 
execution are with us now. 

Adler's fourth revolution need not 
concern us greatly here now but indicates 
a direction toward which man may be 
moving. It is a future thousands or mil- 
lions of decades ahead of us in which man 
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flnaliy is able to exploit the full potential 
of the human mind. The matters of 
wealth, resources, sustenance, and work 
will be solved technologically. Human 
thouglit will reign supreme* Adler closes 
his remarks by saying, **It*s a future in 
which men will spend all their time in 
teaching and learning, learning and teach- 
ing one another, and this after all is the 
only really distinctive mark of the human 
race." 

But the theme of this convention is 
not concern for a period a thousand 
decades in the future but for the very 
next decade. We have sufficient problems 
to occupy our time and require our best 
thinking in the immediate future* 

One of these problems is the highly 
mobile nature of our society. Dudley 
Kirk of the Food Research Institute put 
his Hnger on this problem in a recent 
article in the Stanford Observer. He says. 
We have become a rootless people, 
without the stability of a lasting 
community life. More and more we are 
becoming a people without long- 
standing personal relationships, with- 
out the informal sanctions of shared 
values that keep us in line without the 
coercion of the law and the police 

Often we no longer live in a 
community of friends and relatives; we 
live in a community of strangers . . . 
Many of our young people, especially 
our most idealistic young people, are 
turning to life styles in which they 
attempt to recreate the more human 
personal commitments of the past. 
Thty are reaching for roots and for the 
deeper levels of human association 
that characterised more stable com- 
munities. {4) 

As science teachers, how are we coping 
with this problem? Are we even aware of 
it? Does it nut tell us something about 
the importance of establishing warm, 
human relationships with students in our 
classes? Are we not obligated to put our 
science teaching in the context of Imman 
interrelationships instead of in terms of 
mere organization and structure of 
subject matter? 

A related problem is that of science 
for all students not just those who aspire 
to scientific pursuits. Bentley Glass 



referred to this problem in a recent 
edition of ihe Pacific Science Education 
Newsletter, when he said, 

It is obvious that only a small 
proportion of all citizens will ever 
become directly engaged in scientific 
and technological pursuits. Should 
science education, then, be concerned 
mainly with the training of profes- 
sional scientists, engineers, and tech* 
nicians, or should it be directed more 
appropriately at the far larger numbers 
of future citizens who will Hve in a 
world molded and changed by science 
and who must make political decisions 
affecting every aspect of their lives? 
131 

Glass identifies some of the short* 
comings of our recent past efforts in 
science curriculum reform by stating. 

As I see it, the fault of our new 
science programs of education is that 
they have largely ignored this need to 
instruct all children, without excep* 
tion, in the nature of human life in a 
world that is so rapidly and progres* 
sively modified by science and tech- 
nology, by man*s own power to 
change and to destroy as well as to 
create. The alternative would be a 
technocratic society run tyrannically 
by an educated elite. That way lies 
madness, war, and the end of human 
civiHzation. [3] 

Our thinking in recent years has been 
affected by the impact of serious 
technological problems. Confusion 
abounds with respect to the differences 
between science and technology. Many 
people look at these two facets of our 
modern life as synonymous. The lines 
between them have been blurred, and 
science has been blamed for many 
technological problems. The highly bene- 
ficial aspects of both science and 
technology have been overshadowed by 
the specter of calamity in certain sectors 
of our life. 

Kenneth Dowling* specialist in science 
education at the Wisconsin Department 
of Public Instruction, has expounded the 
point of view that science is dead, that 
"the beneficient image of science created 
and accepted by the non-scientific public 
has been pummeled and cast out with 



little chance or reason for revival/' [2] 
Yet Dowling reports that 

Science and technology have 
brought higher aspirations and the 
possibility of a materially better life to 
the masses, but at the same time a host 
of domestic and international prob* 
lems have arisen highlighting urbaniza* 
tion, population explosion, and en* 
vironmental collapse. 
Paul Salt man, vice chancellor for 
academic affairs and professor of biology 
at the University of California, San Diego, 
has commented on the ^Mntense and 
polarizing struggle for man's mind be* 
tween the forces of faith and mysticism, 
and science and reason.** [6] Yet, says 
Saltman, "this is the very moment when 
the fundamental problems of man have a 
base in science and technology and 
cannot be solved without them.'* He 
believes that mysticism and reason need 
not be polarizing forces. Saltman believes 
that few scientists and technologists 
recognize and are willing to admit the 
acts of faith that underlie the very 
scientific methods that they employ. 
Among these are three underlying as* 
sumptions of faith that every scientist 
holds-there is order in the universe»man 
can understand that order, and it is good 
to understand that order. The recent 
rising interest in astrology, the super* 
natural, and occult societies, particularly 
among many young people, causes us to 
reflect on the directions we in science 
education must take to restore science to 
the realm of the rational and the 
forefront of reason in society. 

In the face of the multifarious 
problems and forces at work in our 
society, what hope is there for the 
future? Are we faced with magnification 
of the problems of environment and 
energy, repetition of crisis after crisis in 
our daily existence, and continued 
downgrading of the human condition? 
How does science education fit into the 
picture? How do science teachers and 
their students begin to cope with some of 
these dilemmas? 

Tliere are some significant signs. 
Dudley Kirk reports that the birth rate 
in the United States has been going down 
since 1957» is the lowest in our history, 
and is still going down. Pt^pulation 
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distribution, mobility, and affluence have 
become much more serious problems 
than total population and growth rates. 
The NIiA reports that there were 15 per* 
cent fewer children under age 5 in the 
United States in 1970 than in I960, Since 
1970 the birthrate has continued to 
plummet so sharply that the Census 
Bureau mm reports fertility is below the 
replacement level. This means there are 
fewer births than are necessary to replace 
the parents and compensate for pre- 
mature deaths. However, the total U.S. 
population will continue to grow well 
into the next century* because overall 
births will still outnumber overall deaths 
for the next several decades. 

We see a responsiveness to serious 
problems by the general populace. Wit- 
ness the cooperation in regard to speed 
limits, car pooling, alternative forms of 
transportation, lowered thermostats, and 
the like, in our present fuel shortage. It 
seems we can count on people to pitch in 
and cooperate when they understand the 
seriousness of the problem. Young people 
in our science classes liave in many cases 
led the way. Some examples are the 
student-initiated **earth days'* and "clean 
up weeks" we experience each year. 
Science teachers have a responsibility to 
provUe opportunities and encouragement 
for student efforts at coping with 
problems of energy - conservation and 
reclamation of the environment. 

We see a growing awareness of the 
need for humanistic science teaching. 
Count the sessions at this very conference 
relating to humanism. A quick glance at 
the program yielded eight titles of major 
sessions involving humanistic approaches 
to science teaching. There are probably 
many more. The Earth Science Teacher 
Preparation Project was a significant 
effort at bringing student needs and 
interests into consideration and of provid- 
ing alternatives in their education at the 
college level. Countless other activities 
along the line of humanizing science 
teaching are evident at elementary and 
secondary levels as well. 

Now what of the future? Can we see 
any directions emerging for science 
education in the next decade? Perhaps 
some of the following projections will 
seem more like hopes for the future than 



true indicators. However, I think there is 
evidence to substantiate each of them.^ 

1 . There will be more concern for 
children, their progress and self- 
concepts. Our present trend toward 
humani/ation of teaching and learning 
is evidence for this. 

2. We will see greater cooperation and 
recognition between disciplines. 

3. Teachers will be better prepared in 
content, in psychology, in methods, 
and in ability to relate to children. 

4. There will be more recognition of the 
multiple talents of children and adults. 

5. Schools will put more emphasis on 
success and less on failure. 

6. There will "be more emphasis on 
environmental problems and their 
solution. 

The next decade can be very exciting. 
Decisions we make and directions we take 
today will set our course for tomorrow. 
This is not the time to throw in the towel 
or retreat from goals that seem remote 
because of the difficulty of the road. 
Nineteen eighty-four can be a bright date 
in the future. Dream for a moment with 
me about what education in science could 
be like in 1984: 

Children will enter their schools with 
anticipation. Wliile there they will be 
provided with a stimulating personalized 
education, with a reasonable balance 
between prescription and freedom of 
choice. 

They will have many options and 
alternatives. The open school, after a 
shakedown period, will become a viable 
option among others. We have had 
considerable research in child develop- 
ment, maturation and growth of self- 
concepts. We know the benefits of a good 
self-concept and the productive potential 
of self-actualized persons. We understand 
much about the psychology of matura- 
tion and growth. This knowledge will 
help us provide education in science that 
will nurture interest and positive attitudes 
and combat the antiscience attitude 
frequently encountered among many 
youth today. 

^These points were further developed in Dr. 
Trowbridge's address to the convention and in 
his article on "Trends and Innovations in Junior 
High School Science Teaching in the United 
States." which appeared in the May 1974 issue 
of The Science Teacher, 



It is almost certain that we will have 
smaller school enrollments. The NEA 
reports that smaller enrollments due to 
declining birth rates will be experienced 
by some districts this fall and will become 
widespread by 1976, continuing at least 
until the end of the decade, (8| If the 
birth rate maintains current levels, the age 
structure of the population will change 
and the school age group from 5 to 22 
years will become a smaller and smaller 
segment of that population. This does not 
in itself insure smaller classes, however; 
and it is important that teachers continue 
to defend smaller class sizes in science 
and to resist movements to economize by 
reducing the number of teachers and 
allowing class sizes to grow to unwieldy 
and educationally unsound numbers. 

School support by the lay public will 
probably improve, not only in terms of 
fmancial suport but also in moral support 
of the educational enterprise as well. We 
fmd that more bond issues are passing 
these days, indicating a reversal of the 
recent downward trend. Teachers salaries 
are still improving, although not yet 
matching the annual cost of living rise, 
and it appears that state legislatures are 
becoming less reactionary after passing 
through a period of severe cutbacks as a 
result of the student uprisings of 4 to 5 
years ago. Some viable solutions to the 
financial problems inherent in the use of 
property as the whole basis for school 
support will probably be found in the 
next ten years. 

It is likely that the oneness of science 
with other school disciplines will become 
an accepted fact by 1984. The frag- 
mented nature of our present curriculum 
particularly at the secondary level will 
begin to disappear. Teacher training for 
the secondary level will begin to foster 
interdisciplinary teaching approaches in 
order to prepare teachers for their proper 
role. The general education function of 
the secondary school will probably 
prevail over the highly specialized func- 
tion we frequently see today. Non-col- 
lege-preparatory students will begin to 
receive increased attention in accordance 
with their larger numbers in our schools 
and in recognition of the multiple 
pathways to success in life; not exclu- 
sively that of the college education route. 
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Teaching status will be achieved by 
qualifying as a master science teacher, not 
only as a chemistry, physics, or biology 
teacher primarily interested in subject 
matter. Preparation of teachers in these 
sp^ciahties will continue with a broad- 
ened base of understanding and develop* 
ment of ego involvement in the total 
teaching profession. The influence of the 
competency-based teacher-training move- 
ment currently underway will have 
resulted in better prepared teachers with 
skills in communication, classroom man- 
agement, and development of teacher- 
student rapport, as well as subject-matter 
competency. It is likely, however, that 
the highly mechanistic plans for teacher 
training using Skinnerian methods will be 
rejected in favor of an overall humanistic 
approach to the complex problem of 
teaching. 

Colleges will begin to recognize their 
responsibilities to the total education 
process. It will become as respectable to 
teach as to do research. To accomplish 
this, the reward system for promotion 
and salary advancement at the college 
level necessarily will recognize good 
teaching as well as other talents. The 
multitalent approach will pervade all 
educational levels in the form of differen- 
tiated staffing or whatever term best 
applies to efficient and effective use of all 
the varied talents embodied in the 
professional teacher. 

The foregoing remarks are not merely 
wild dreams for the future. We have the 
expertise with us already to accomplish 
every one of tiie proposed goals. Our 
responsibility is to set our sights on these 
goals and direct our efforts toward their 
achievement. This is not an impossible 
task, ari(^ the year 1984 could find us 
well advanced toward achieving most of 
these desirable objectives in science 
education. 

We are in an exciting field of endeavor. 
I can't imagine a more satisfying career 
than science teaching today, where we 
have potential for growth, excitement, 
recognition, and no dearth of worthwhile 
problems to challenge us. It is a high 
honor to represent this outstanding 
organization as it strives for better 
education in science for all of today's 
youth. I congratulate you in your choice 
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of profession and for your dedication to 
its high ideals. I am proud to be one of 
you. 
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NSTA ANNUAL BANQUET 

THE EARTH AND HISTORY 
(SUMMARY) 

Harrison H. Schmitt,NASA Astronaut 
and Pilot, Apollo 17 Lunar Module, 
Lyndon B. Johnson Space Center, 
Houston, Texas 

From the vantage point of the moon, 
an astronaut can find enhanced awareness 
of what was so willingly left behind on 
the earth. Astronauts can only explore, 
others will make decisions. Man must 
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always satisfy his curiosity by seeing fur 
himself. 

Visiting 16 foreign countries (since the 
moon) surpassed all of my previous 
education. The hopes and feelings, the 
chance for these people to leap into the 
twentieth century impressed me. 

The ••education crisis'' though not so 
well known as the other ones is upon us 
now. We must examine the consequence 
of choices. We are slipping backward in 
education -reading comprehension, his- 
torical comprehension, and technological 
awareness are not entering our conscious- 
ness. No longer will the consequences of 
man's actions or inactions be postponed 
beyond that generation. 

How will history view our explora- 
tions. As most unusual. There has been a 
revolution of scientific thought about the 
moon. Our debt to the men and women 
of Apollo is incalculable. Our children 
will be the beneficiaries of the discoveries 
from this exploration and others of space. 
Solutions to our problems will require the 
dedication and imagination of everyone. 

We must protect freedom. We must 
carry the seeds of freedom to the solar 
system. If we cease to be the leading 
explorer of space the freedom, the light, 
will be lost. There is no greater legacy to 
posterity than the preservation of that 
freedom which is impossible without the 
aid of technology. 

Historians will write of this decade as 
singular in the history of the world, in the 
evolution of the mind. Man found that 
his reach could include the stars. That 
was no mean accomplishment. 
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WATER IN TJIE GEOSYSTEM: PHASE REUTION- 
SHIPS 

Ira W. Geer, Professor, Department of Earth Sci- 
ences, State University College at Brockport, State 
University of New York 

The temperatures and pressures at and near the 
earth's surface are such that water, ice, and water vapor 
can be found anywhere around the globe. While the 
major oceanic, glacial, and atmospheric **reservoirs" of 
water are more or less permanent in quantity, water is 
constantly on the move. 

The flow of water through the liquid, ice, and 
vapor reservoirs of the earth is often called the hydro- 
logic cycle. This cycle can be explained by the existence 
of water in the three states of matter and the relative 
ease with which water can change from one phase to 
another within the temperature and pressure ranges 
found in the earth environment. Evaporation, condensa- 
tion, sublimation, freej^ing, and melting are processes 
inherently part of the hydrologlc cycle. The formation 
of clouds, fog, dew, and frost, the initiation of precipita- 
tion, and the transformation of snow to glacial Ice are 
only a few examples of these processes in action as 
components of the water cycle. 

A detailed understanding of the hydrologlc cycle 
and the processes resulting in phase changes require 
knowledge of water phase relationships. A phase diagram 
for pure water, depicting wide ranges of temperature 
and pressure in which the various phases of water can 
exist and co-exist, is helpful to gain this understanding. 
However, being based on assumptions of pure substance 
and flat interfaces between phases, the phase diagram 
cannot be used to explain all the mechanisms involving 
phase change in the hydrologic cycle. The initial growth 
of cloud droplets and the aging of snow are examples of 
situations where mechanisms can be acting due to the 
presence of impure water and/or non-planar interfaces 
between phases. 

NUTRITION AND COGNITIVE DEVELOPMENT 

Elie A. Shneour, Director of Research, Calbiochem, 
La Jolla, California 

The human brain is most vulnerable to chronic 
malnutrition during the earliest period of life. Its growth 
during gestation is one of the earliest, most rapid and 
most extensive developments of the whole organism. 
After birth and during the first year of life the brain 
weight increases threefold, and tl^ .reafter continues to 
grow at a faster rate than the rest of the body. By the 
time a child is four years old his brain will have reached 
90 percent of its adult weight, while the rest of his 
body will have barely reached the 20 percent mark. 
During these critical periods much more than just an 
increase in weight is involved. Maturation of the brain 
Involves profound and complex changes in its anatomy, 
metabolism* and physiology. These processes require the 
availability of a sustained supply of a wide range of 
nutrients without which the rapid development of the 
brain may be impaired. There is a growing body of 
indirect but significant evidence which suggests that the 
consequences of such chronic early nutritional deficien- 
cies may be demonstrable for a long time and miglit 
even be permanent. The U.S. Senate Select Committee 



on Nutrition and Human Needs (1969) has defined 

malnutrition as "an impairment or risk of impairment to 
mental and physical health resulting from the failure to 
meet the total nutrient requirements of an individual." 
This definition is particularly significant in its recogni- 
tion that the brain can be impaired by malnutrition. 

Structural deficiencies are likely to be accompanied 
by dysfunctions involving cognhive potential. A number 
of responsible investigators in this country and elsewhere 
have reported striking correlations between chronic early 
malnutrition, brain damage and mild-to-severe mental 
retardation. 

While it would be misleading to suggest that 
chronic early-life malnutrition is the sole environmental 
factor influencing later mental functions, that relation- 
ship among disadvantaged human populations has been 
abundantly reported. That there are hereditary dif- 
ferences among human beings is an undeniable fact. 
That we are all, individually and collectively, the 
product of our genetic heritage is equally certain. But it 
is also well established that expression of genetic factors 
can be strongly influenced by such environmental 
factors as chronic malnutrition and the lack of social 
stimulation. Thus the existing evidence does not sustain 
the argument that superior mental ability might be the 
favored province of any one human group at the 
exclusion of others. 

RADIATION AND SOCIETY: A PROBLEM OF IN- 
FORMED CHOICE 

Edward I. Shaw, Professor and Chairman, Depart- 
ment of Radiation Biophysics, University of Kansas, 
Lawrence 

The development of nuclear power as an alternative 
source of energy has generated many heated debates 
oyer the questions of reactor safety, radioactive waste 
disposal, land usage, possible environmental contamina- 
tion, and the expected consequences of exposing popula- 
tions to low levels of radiation. This course is concerned 
with the presentation, evaluation, and use of the 
available information in the quest for the achievement 
of a balance between conservation of natural resources 
(land, water, air quality) and their use in the production 
of energy and goods. Special emphasis is given to the 
evaluation of hazards and risks associated with both 
nuclear power generation and medical and industrial uses 
of radiation, and their biological and environmental 
implications. These will be compared and/or contrasted 
with the hazards and risks of alternative processes. 

Toward this end, the nature of radiation and 
radioactivity is discussed to develop a basis for under- 
standing the mechanism of production of radiation 
effects in biological material. Tlie relationship between 
radiation dose and the frequency with which somatic 
(leukemia and cancer) and genetic radiation effects are 
examined with the objective of determining the level of 
risk associated with particular levels of radiation ex- 
posure (natural background, medical, industrial, and 
nuclear radiation sources). The solution to problems of 
radiation exposure from development of radiation associ- 
ated technologies (such as nuclear power) cannot be 
developed in isolation from problems of population, 
levels of current energy usage, the levels of reserves of 
fossil fuels and other scarce resources, the allocation of 
scarce and deplctablc resources, environmental deteriora- 
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tiun« etc« Tiiese problems are all interrelated and action 
upon one will affect the others, What are the possible 
courses of action that might be taken to meet energy 
needs? What are the costs (or risks) involved for the 
benefits to be derived from a particular course of 
action? Wlien the consequence of all possible choices are 
known, how can a decision be made which is generally 
considered acceptable? What Is the role of value judge- 
ments? Wliat is the role of a science teacher? 

THE SOIL AS AN ECOSYSTEM (ELEMENTARY) 

Albert Schatz, Professor of Curriculum Instruction, 
College of Education, Department of Elementary 
Education, Temple University, Philadelphia, Penn- 
sylvania, and Most Distinguished Professor, Univer- 
sity of Chile. Faculty of Chemistry and Pharmacy, 
Santiago 

The soil is literally the basis of our environment, 
and an ecosystem which schools have not yet adequately 
exploited. Soil science can be profitably used in teaching 
biology, chemistry, geology, physics, and other subjects. 
Studies of the soil have a particular appeal to students 
who are concerned about pollution. Many of them have 
become Interested in the organic movement, which 
begins with the soil, because they believe it can 
contribute toward alleviating environmental problems. 
Some important educational objectives of the organic 
movement are indicated by the philosophy expressed by 
J, I. Rodale: "The organic way is the golden-rule way. It 
means that we must be kind to the soil, to ourselves, 
and to our fellow men." 

The soil-food-health chain links man and Mother 
Earth as two components of the ecosystem in which we 
live. The fertility and productivity of soils have made 
possible the rise and decline of civilizations, influenced 
the kinds of cultures which developed, and determined 
the survival of some animal species such as the Giant 
Sloth. The fertility of soils can also affect the nutri- 
tional quality of foods produced on those soils, and in 
that way can influence the health of man and animals 
which consume those foods. 

From the point of view of the classroom teacher, 
many soil activities require only simple, inexpensive, 
familiar, and readily available materials. Children them- 
selves can bring in much or all of what they need to do 
the experiments. Also, no special preparation such as 
workshops, in-service programs, summer institutes, or 
"awareness sessions" are necessary. Teachers can read 
about soil activities one day and begin doing them in 
class the next day or so. It is not necessary to order 
expensive, prepackaged, commercially-produced materials 
which increasing numbers of school systems can no 
longer afford. Soil activities offer teachers "instant 
science," which is a "Do-It-Vourself Science" that 
students find interesting and relevant. 

POLLUTION 

Thomas H. Keil, Associate Professor of Physics, 
Worcester Polytechnic Institute, Worcester, 
Massachusetts 

The flow of energy, resources, and waste in modern 
high consumptiim society is discussed in a general way. 
The discussion centers on the eight strategies available 



for designing waste disposal systems consistent with the 
societal goals of pollution control, conservation of 
energy and resources, and material wealth. The eight 
strategies can be applied in varying mixes to the disposal 
problems associated with a variety of wastes, including 
solids, liquids, gases, noise energy, and thermal energy, 
A particular solid waste management problem, that 
of designing a system for the disposal of municipal solid 
wastes is also discussed. Technological constraints estab* 
lished by the current stateof-the-art and economic 
constraints are considered as part of the design process. 
It is observed that, although optimum designs arc fairly 
easily obtained, the designs are rarely implemented for a 
complex mixture of social and political reasons. The 
implications of these implementation problems and 
prospects for the future are discussed. 
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rORUMI 
POPULATION 

Vxdm Wur/olbaclier, School of Natural Resources* 
University of Michigan, .V m Arbor 

Minus 10 and counting. Counting what? Counting 
3.8 billion people in the world. Counting 210 million 
people in the United States. Counting 800 people in this 
rooiti. Counting 6 people on this platform. Yes, count* 
ing populations, and experiencing issues related to the 
number of people, their locations, and their needs. 

By United Nations declaration this is World Popula- 
tion Year, Tlie World Population Conference will be 
held this August in Bucharest, This will be the first 
worldwide gathering of delegates to speak out on 
population concerns in the name of their government. 
Four symposia have been held to prepare materials for 
the international meeting. The symposia dealt with 
population and economic development; population, 
resinirccs, and environment; population and the family; 
l>opulation and human rights. Proceedings from these 
four symposia will be used by participants in the World 
Conference. 

Tlie urgent task of World Population Year is to 
make people in every country aware of the complexity 
of the issue of population growth. Global population 
policy is in the making. 

Tills forum is challenged to highliglit World Popula* 
tion Year for science educators. Our goal is to encourage 
you to deal with population education, to help you 
learn a few basic facts and trends, to share with you a 
working model, and to provide you with teaching 
resources and selected materials. 

THE BALTIMORE EXPERIENCE IN POPULATION 
EDUCATION 

Caroline S, Cochran, Coordinator; and Lester 
McRae, Director; Urban Life Population Education 
bistitute, Baltimort, Maryland 

Tlie enormity of the population situation has come 
upon us so suddenly that few people have dared to face 
the terrifying realities. However, the 1965 National 
Academy of Sciences' report on the Growth of U,S, 
Population urged the inclusion of population studies in 
the curriculum of secondary schools; and, since that 
time, the Baltimore City Public Schools and the Planned 
Parenthood Association of Maryland (an affiliate of 
Planned Parenthood-World Population) have accepted 
that challenge. Their most recent effort has been 
through experiments with the Urban Life*Population 
Education Institutes (ULPEIs) to find ways in which 
awareness of the population situation can be brought in 
a non-threatening way to all of the children in the city 
school system, many of whom are poor and Black. 

Population education is the process by which 
students investigate and explore the nature, meaning, 
and effects of population growth and its various charac- 
teristics, thereby learning that individual acts have 
demographic consequences for their immediate and 
future lives. Although knowledge of reproduction and 
contraception are integral parts of both population 
education and sex education, population education is 
not sex education. Our experience has convinced us that 
efforts to combine these two necessary areas of know- 



ledge dilute the effectlveneu tnd importince that each 

deserves. 

Since it is a relatively easier process to bring 
population education to tiie suburban child than to 
urban children who are already feeling population 
pressures firsthand, a new approach had to be developed 
to deal with and explore the basic fears and racial 
sensitivities of people in a realistic and humane manner. 
We, therefore, concluded that, until teachers intellec* 
tually grasped and personally understood the implica* 
tions of the population dilemma, they would be unlikely 
to teach it. 

Our pilot Urban Life*Poputation Education Institute 
(ULPEI) tor thirty selected Baltimore City Public School 
teachers, K-I2, was held in June, 1971, During the three 
days «ot only discussed the problems of the city but 
also dealt with the many pros and cons ot the 
population situation, including genocide, white fears, 
and whether the United States should or should not 
change its immigration policy. We never tried or asked 
for consensus; all discussions were open-ended, a fact 
some teachers found rather unusual, 

Tlie response to this pilot ULPEI was gratifying, 
Tlie participants felt that population education should 
be included in the public school curriculum, K«12, And 
there were resounding pleas for all variety of materials 
to assist them. 

On the basis of our initial experiment, the Rock* 
efeller Foundation gave Planned Parenthood Association 
of Maryland a grant to continue their work with the 
Baltimore City Public Schools, 

The population education program in Baltimore 
started with several principles: 

1. All teachers in the school system should be given 
the opportunity to receive training in population 
education regardless of their particular area of 
competence, 

2. Education in population processes can and sliould 
occur at all grade levels from K througli 12. 

3. Population education is meant to educate, not to 
propagandize or indoctrinate. Population is not 
viewed as a problem to be solved but a phenome* 
non to be understood. 

Nine Urban Lite-Population Institutes (ULPEIs) for 
thirty teachers each were held during the 1972-73 
school year. All teachers in the system could apply for 
the three-day session which was held during school 
hours. (A major portion of the grant was used to pay 
for substitute teachers.) An evaluation team from the 
Population Dynamics Department of the Johns Hopkins 
University School of Hygiene and Public Health random- 
ly selected the 270 participants by computer. Tliose 
who did not attend served as the control group in our 
follow-up. 

During the three days the probletns of our city, 
Baltimore, were divided into four major categories: 
Living Problems (housing, family, nei^iborhoods, recre- 
ation, density, pollution, crime, justice); Health Prob- 
letns (medical care and services, nutrition and hunger, 
mental health, drug abuse); Public Problems (education, 
employment or the lack thereof, transportation, fiscal 
and legislative matters); Attitudes (suburban vs, urban, 
white ethnic, welfare, and in the role of Black women). 

For each of the aforementioned areas we invited 
three local experts to hold brief panel presentations. 
Tliese were followed by discussions with the teachers 
who had been divided into groups of ten. We consider 
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out discussion oh attitudes our most important feature* 
It had a large impact as it exposed a teacher to different 
strongly lield attitudes and beliefst 

At the end of each ULPEI the participants were 
asked to make a formal and informal evaluation. The 
formal one was for the Johns Hopkins University 
evaluatioit team* The preliminary results have demon* 
strated that there was an increase in knowledge about 
population and its effects as well as a constructive 
change in the teachers* attitudes toward populatk)n. The 
informal evaluation, for the purpose of updating and 
improving the quality of the UIJPEI, showed that the 
teachers feh the ULPEIs were thought*provoking, educa- 
tionally sound and rewarding. 

In summer 1973 nine imaginative and creative 
Baltimore City classroom teachers, all of whom had 
attended an ULPEI, developed materials for curriculum 
use in grades K-12. We have received an additional grant 
from the Rockefeller Foundation to continue our work 
through the 1974-75 school year. 

Tlie materials developed during the summer of 
1973 by the nine Baltimore City classroom teachers are 
being pUoted in the Baltimore City schools during the 
1973-74 session. Hopefully, after evaluation and re- 
vision, most will prove acceptable and will become an 
integral part of the school curriculum. The materials on 
the elementary level, while primarily designed for the 
social studies curriculum, can also be used in mathemat- 
ics, science, English, music, and poetry. The secondary 
package is designed for a twelve-week unit, a minicourse, 
or a tri-semester. It has six self-contained units entitled: 

1. Mathematical scivuce au mtegral part of dem- 
ography. 

2. Population is a world problem. 

3. Population exacerbates urban problems. 

4. Family life and composition affect the individual. 

5. Personal decisions and life-styles have social and 
demographic consequences. 

6. The earth's natural resources are flnite in relation 
to the inflnite demands of continuing population 
expansion. 

Each of these two-w ek units is complete with detailed 
lesson plans, bulletin board instructions, evaluation 
devices, games, and various types of audiovisual materi- 
als. 

In addition to these self-contained packages for the 
secondary level, packages on population (POPS) have 
been developed. These packages are designed for stu- 
dents to use independently at tlieir own level and pace. 

It is significant to note that there are many 
principal problems and obstacles in the introduction of 
population education into a large urban system. 

1. There must be a person within the sytem, who 
knows the system, and an interested outside person 
to cut the red tape. Face-to-face contacts must be 
made. 

2. Those in charge of the system must be involved in 
the initial planning of the program and kept 
informed about every step in its development. 

3. Teachers should be notified by staff publications, 
word of mouth, and at departmental meetings. 

4. Most large urban systems have a severe shortage of 
funds. Therefore, most materials that you will use 
for teacher awareness must ba compiled and dupli- 
cated in-house. If teachers are to be released for 
training, substitutes must be paid. Thus, you can 
see the need for outside funding. If it were not for 



the Rockefeller grant and the help of Planned 
Parenthood, our program could not have been 
successful. 

5. In order for teachers to relax and actively partici* 
pate and vent their true feelines, an area outsMe of 
the school must be utilized. In our case, the 
Planned Parenthood facilities in downtown Bi.l^u 
more were used. 

6. The community must be made aware of the 
program. We received publicity from the Sun, News 
rost, and Afro American newspapers and inquiries 
from various community organizations. We an- 
swered queries successfully, thereby eliminating any 
adverse reaction from the community. 

7. In a popidation awareness program the issue of 
genocide and the varying attitudes of the com* 
munity must be presented. We further believe, in 
order to be aware of the population problem, that 
teachers must be taught some basic demography. 

8. When planning for teachers, one must be aware of 
the ability levels of the teachers. That is, SO 
percent medium, 35 percent good, and IS percent 
imaginative and creative teachers. Materials must be 
geared for all teachers. 

9. We believe the teachers are the best indicators of 
levels and grades at which population education 
should be taught. We, therefore, asked the teachers. 
They responded, ''K-12'' and, believe it or not, 
**shop, music, physical education, and foreign Ian* 
guage.*' We also contacted standard subject-matter 
heads, who offered assistance (social studies, sci- 
ence, mathematics and English). 

Our efforts in the Urban Life-Population Education 
Institute have been highly illuminating and full of 
impact. The response of the participants sustains in us 
the belief that we have set in motion an exciting and 
meaningful curriculum effort. The knowledge and skills 
that our participants have obtained will be of inestima- 
ble value in the classroom setting. Our efforts, to be 
sure, have been pragmatic. 

It is our belief that additional resources, support, 
and time will enable us to prepare teachers to form a 
potent cadre to teach and buttress population education 
in the Baltimore City Public School system. 



POPULATION: FACTS AND MATERIALS FOR THE 
CLASSROOM 

Cad A. Huether, Department of Biological Sciences, 
University of Cincinnati, Ohio; Director, 1973-74 
National Science Foundation Summer Population 
Institutes, Cincinnati, Ohio / 

My objectives for today are: (a) to provide some 
basic understanding of population dynamics with which 
you may not be familiar, and (b) to maximize the 
possibility that you will vigorously and enthusiastically 
implement population education upon your return to 
the classroom by discussing and presenting some excel- 
lent pop. ed. materials to you. (Although a pretest was 
given to lecture participants it is not included here due 
to space limitations.) 

One of the first items necessary in understanding 
population change is to have an overview of where wcVe 
been, where we are now, and where wc might be 
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heading on a worldwide basis. A flve-mihute film 
originally produced by the United States Information 
Agency for showing to our Latin American neighbors 
was an attempt to encourage them to slow their own 
rates of population growth. This edition is the same as 
the original, except pictures of the earth have been 
added by the new producer, Southern Illinois University, 

This is a superb visual display of how our popula- 
tion has increased dramatically within the recent past. 
Population distribution, population reductions during 
various periods, are also clearly shown. It is one of the 
excellent pop. ed. materials available for use at almost 
any grade level. The film is entitled: World Poptdation. 

The film makes it very explicit that we have had, 
and are still having, a population explosion on a 
worldwide basis. Thus, without getting into semantics on 
the defmition of a fact, I will state that the population 
explosion in the world today is a fact. However, I also 
feel that whether there is a population crisis is opinion 
rather than fact, an opinion which each of us must 
decide for himself. 

The emphasis placed in the film on the flniteness of 
tiie earth is a very important point. While we have 
known this elementary fact for a long time, and were 
introduced to the concept of a "Spaceship Earth" by 
Buckminster Fuller more than two decades ago, it seems 
to me we have only very recently begun to understand 
and accept what this means. The opportunity Anally 
^iven us in the late 60's to observe our own spaceship 
from a smaller man-made one poignantly brought home 
the realization that our biosphere clearly has limits. The 
pictures afforded us by our astronauts, such as the one 
shown in the first slide, were an important trigger of the 
Ecology and Earth Day movements beginning in 69 and 
70. 

In terms of population size and growth, it helps us 
to formulate what are, and are not, the important 
questions. No longer is the proper question: "Should we 
have a zero rate of population growth, or ZPG?" for on 
a planet of flnite size, it is obvious that nothing can 
grow indeflnitely. Charles Darwin was the first to give 
this concept biological meaning through his views on 
natural selection and survival of the fittest. It is 
interesting to note that his thinking was significantly 
influenced by a contemporary named Thomas Malthus. 
No population in nature continues its g'^owth for long 
periods, but rather, comes fairly quickly into either a 
stable or dynamic equilibrium with its environment. 

The questions we should be asking are: "When 
should we have a zero rate of human population growth, 
and How? On a worldwide base, the hov/ is by births 
equalling deaths, which means either birth rates must go 
down or death rates up. Since none of us will 
realistically argue the latter, the only significant question 
is when. For those who believe population change to be 
a crisis, their answer would be as soon aj possible. For 
those who believe population not to be a serious 
pri)blem, the answer is generally somewhere in the 
relatively distant future. At a current world population 
size of 3.86 billions and a yearly incre?:,e of 2 percent 
the projections for the year 2000 n«^v- approximately 7 
billions. Clearly, these rates cannot persist for many 
future generations. 

Two slides show estimates of population sizes and 
growth rates throughout man's history, and current 
population figures for 1973. While these data can only 
be taken as approximations of the truth, they arc 



viewcid by bdth anthropologists and demographers as 
representing the correct scale of magnitude. 

The next question is obvious: why has this explo- 
sion in population numbers occurred over the past 200 
or so years? The answer is perhaps surprising; but is 
because of rapid reductions in death rates rather than 
increases in the birth rates. In simplified terms, these 
death rate reductions were brought about by the 
development of the industrial revolution; the advances in 
food production, and the advances of modern medicine 
in controlling disease. The availability of food and 
medical technology to infants particularly, allowed a 
dramatic reduction in infant mortality rates. The coun- 
tries which brought about and experienced the industrial 
revolution are generally termed Developed Countries, A 
slide depicts an Idealized graphic representation of how 
their death rates dropped over a period of roughly 
75-150 years. As industry and technology were further 
developed, social changes also occurred in these coun- 
tries to cause a later reduction in birth rates. One of the 
important sociological changes involved where people 
lived and worked; they moved away from the farms and 
into urban areas where better jobs could be found. This 
^ift changed children from being an economic asset to 
an economic liability, and encouraged parents to have 
fewer children. The change from high death and birth 
rates, which had been the norm for all of man's history, 
to low death and birth rates is called The Demographic 
Transition, Modern technology was transferable to 
underdeveloped countries which were not developing the 
industrial revolution on their own, so during the early 
and middle 1900's, many UDCs were also able to realize 
a drop in death rates, but one mud; sharper than that 
experienced by DCs. Because the technological advances 
were developed externally, UDCs have not experienced 
the sociological changes found in the DCs, so that their 
birth rates have remained high. They have yet to 
complete the demographic transition, so their yearly 
rates of growth are currently very high. 

As a class activity, you can generate data on your 
own which demonstrates firsthand for your students the 
significant reduction in infant mortality which has 
occurred. This is accomplished by taking your students 
on a cemetery field trip. We have done this for three 
years with secondary teachers at National Science 
Foundation Institutes on Pop. Ed. at the University of 
Cincinnati, It is a way to get the students actively 
involved with data collection and analysis out of the 
classroom, and at the same time to demonstrate an 
important demographic principle. 

Our next point is to understand what effect a rapid 
reduction in infant mortality has on the age structure of 
a population. A slide shows the age structure pyramid 
for a rapidly growing population such as India. Reduced 
infant mortality means an expanding base of the 
pyramid, which in turn means a higher percentage of the 
population will be reaching reproductive maturity them- 
selves. As the percentage of the population which is 
reproductively active increases, if they have the .ame 
number of children as their parents, or even significantly 
fewer, they contribute to a continually expanding 
population base because of their large numbers. This 
then produces a positive feedback cycle, and results in 
the population explosion. 

So far, I have tried to cover briefly: (a) our 
demographic past, showing little or no growth in 
population size throughout essentially all of our history. 
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(b) our recent control of death, particularly in reducing 
infant mortality, has been the cause of our very recent 
and rapid increases and (c) UDCs have not yet been 
successful in reducing their birth rates to complete the 
demographic transition. Here it is also true, however, 
that the great majority of DCs have not as yet brought 
their births down exactly equal to deaths either. 

If the discussion has been clear to you so far, you 
have a general understanding of why the world has 
experienced such rapid population increases in the 
recent past. Now to concentrate on the United States 
alone. 

Three slides show how birth rates have dropped 
almost continuously in the U.S. throughout our history; 
yet population has increased at a rather substantial rate. 
This is due to an even more rapid reduction in death 
rates, and also to a large amount of immigration. This 
emphasizes the third human activity which must be 
measured besides births and deaths to determme the 
growth of a country*s population-migration-both 
immigration and emigration. This of course has no 
current meaning when discussing world growth rates. 

The next slide shows births and death rates per 
1000 population (called **crude*' birth and death rates- 
not because they are uncultured, but because they do 
not take into account the age structure of the popula* 
tion). This shows our levelling off of death rate decline 
in the past 3040 years, and also how violently our birth 
rates have fluctuated during this period. This informa* 
tion is critical to understanding the reasons for current 
growth of the U.S. population. Throughout the decade 
of the 30's we had a low birth rate, brought on 
principally by economic incentives not to have children 
at that time. Rather than not having these children at 
all, couples decided to delay having them. Thus, births 
began to climb again during the second world war as the 
economy regained strength, and of course, birth rates 
shot up dramatically after the war, producing what we 
all know as the post war baby boom. These high rates 
continued from 1947 to approximately 1960, with the 
decade of the 60*s showing once again a declining birth 
rate. Perhaps the two most important reasons for this 
are: (a) that the births delayed in the 30*s and early 
40's had all occurred by the end of the 50*s, and (b) the 
lower number of births in the 30's meant a low 
percentage of females in their prime reproductive years 
of 20-30 during the 60*s. This is dramatically empha- 
sized in the slide showing the age structure pyramid of 
the U.S. population in I960, Certainly the introduction 
in the early 60*s of the pill, as the most effective 
temporary means of fertility control, contributed as well 
to the declining birth rates. 

A slide shows in detail what has happened to birth 
rates since 1970. Other than a slight increase in the 
curve in 69 and 70, the birth rates for the U.S. 
population have been failing steadily, not only in the 
60's, but also in the 70's to date. The drop of the past 
few years has been labeled the birth dearth because the 
birth rate was expected to rise as a result of the post 
World War II baby boom children coming into their 
reproductive years. This is shown in the age structure 
pyramid for 1970 on a slide. The black outline shows 
the 1970 pyramid, and indicates the very large percent- 
age of females now in or approaching the reproductive 
years of 15-45. (While we understand males are a 
necessary part of producing children, females are the 
important demographic determiners.) With this high 



percentage of fecund females, if they had averaged 
anywhere close to the number of children their parents 
did, we would have experienced a second baby boom. 
But right now, they are averaging only 2.03 children per 
family, which is actually below the replacement level of 
2.1. boes this mean we are actually a nation expert* 
encing negative population growth? The answer is no, 
because our current age structure is so very different 
from that which would be needed to have ZPG if the 
average number of children were 2.1. The necessary age 
structure to allow equating 2.1 with ZPG is shown in 
rust color. This is one of the two key reasons why we 
currently are still a growing population even though 
women in the reproductively active years are producing 
only an average of 2.03 children-they are simply a large 
bulge in the population! This is a point that far too 
many public media newscasters miss, which leads them 
erroneously into writing we are not now replacing 
ourselves, or are therefore below ZPG, because they see 
the 2.03 figure. 

Slides dealing with demography show exactly how 
ZPG and growth rates are calculated, and give actual 
flgures for 1973. This is our natural increase for the 
year (1,177,000) to which 375,000 legal immigrants 
must be added resulting in a 0.74 percent growth rate. 
Hie population of the U.S. is currently 211 million, our 
growth rate percentage is 0.74 per year. As of 1973, it 
would take about 93 years to double our population at 
this rate. The current U.S. population, since our average 
of 2.03 children per family is below the replacement 
level of 2.1, yet we still have a growing population, and 
24 percent of our current growth is attributable to 
immigration. Besides our peculiar age structure, this is 
the other important component contributing to our 
current growth. I should stress that this is only legal 
immigration being included; estimates are that an addi- 
tional several hundred thousand aliers may enter each 
year. 

A final demographic slide shows the projections 
made recently by the Census Bureau. Since demo* 
graphers have been notoriously wrong in their past 
projections, the Census Bureau tries to overcome this by 
presenting a series of projections, a series that will 
hopefully "cover the waterfront.** For reasons we will 
not go into here, their Series F (at 1.8 children per 
family) is closer to our current fertility rates than is 
series E (2.1 children per family). However, even series 
F projects a population size of 250 million in the year 
2000. 

You might ask: "is all this demography really 
necessary to teach pop. ed.,** or another question may be 
"is this all there is to population education?** In answer 
to the former question, 1 believe teachers must have a 
general grasp and comprehension of the broader view of 
population change before they themselves can expect to 
educate others. Additionally, while it is true we seem to 
respond more to local population concerns which are 
closer to our own self-interest, this self*interest is 
considerably affected by what happens on the national 
and international levels. On the latter question, there is 
of course much more to pop. ed. I have spoken mostly 
to the causes of population change, and not to the 
consequences and ramifications of these changes; e.g., 
correlating population with environmental deterioration, 
resource depletion, energy needs, food demands, high 
density problems, etc. These are lifelong pursuits, but 
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we have materials and activities to be distributed wiiich 
will aid you considerably in beginning. 

You may want to look at population politics, or 
perhaps encourage your social science teachers to do so. 
If you do, you will find that while President Nixon was 
the first president to deliver a message to Congress 
specifically on population, and the first to appoint a 
Population Commission, he also has largely ignored the 
Commission recommendations, except to state flatly that 
he disagreed with two of the 69 they presented, I want 
to close with a resolution of particular interest to this 
forum passed at the last meeting in July, 1973 of the 
National Education Association in Portland. 

The National Education Association recognizes that 
population change in our communities, our nation 
and the world have continuous implications for our 
lives both professionally and personally. The pro- 
cesses of population changes whether local, 
national, or global are difficult to understand. 
Schools can play a vital role in educating the 
students and general public by presenting facts and 
alternatives for future growth patterns; thus enab- 
ling both students and the general public to make 
wise decisions concerning population growth. 
The Assoc'r'ion shall make available data about 
population cnange. The Association and its state 
and local affiliates shall encourage public schools to 
include studies of population education in their 
curriculum. 



FORUM 11 
WOMEN, MINORITIES, AND 
CAREERS IN SCIENCE 

WOMEN AS SCIENTISTS 

Helene N. Guttman, Professor, Department of Bio- 
logical Sciences, University of Illinois at Chicago 
Circle, and Professor, Department of Microbiology, 
University of Illinois Medical School, Chicago 

Should young women consider becoming scientists? 
Why not? There are so many different br^ches of 
science, each with their own requirements for type of 
specific knowledge, that a wide array of interests and 
personality types can be accomodated. 

The more timely question for you is why you feel 
that the question is a fitting one to ask about your 
women students and not your men students. The answer 
reveals all the societal pressures and mixed messages 
received by young women students with aptitude for the 
sciences or for any other profession in which women 
role models are scarce. Thus career advising is an 
important pivotal point in the development of young 
women scientists in that it can either reinforce negative 
societal pressures or supply the necessary encouragement 
and direction at a crucial time. Clearly, you are aware of 
these problems and are here to help institute corrective 
measures or ~ as we say these days - to institute an 
affirmative action plan which will insure equal opportun- 
ity for all based upon their merit. As a Woman who is a 
scientist and an officer of the Association of Women in 
Science. I am pledged to work with you to accomplish 
this. Only in this way can we fully utilize the most 
precious natural resource of our world community, the 
intellectual capacities of all people. 



Now that my career is more than half over, I ^an 
speak about some of the past excitements and aspects of 
my own developmental pattern so that you may use 
some of my own experience to serve as the basis for 
your questions and discussion and as a means of 
selection so that we can try to pass on only the most 
supportive aspects to current and future student genera* 
tions. 

The sine qua nan for an experimental scientist is 
curiosity. In my case, this was manifested by an early 
desire to have some one read to me and then to read to 
myself. Many embryo scientists can be recognized by their 
collections of dead and live plants and: animals and 
this was indeed the pattern exhibited by my 13 year-old 
goddaughter who is here today to help me field your 
questions. My parents however were not nature enthusi- 
asts and I grew up in a city with summers by the sea 
shore, My outdoor interests ran to all sorts of games and 
sports with omnivorous reading sharing time with art 
and modeling as rainy day activities. I read Amelia 
Earhart's biography and admired her. But flying always 
seemed to be an avocational adventure, not a career 
choice, so that only now have I finally attempted to 
find time to learn to fly. At age 10 I read Microbe 
Hunters by De Kruif and found my childhood hero, 
Louis Pasteur. As the years passed, I unconsciously 
gravitated towards his pattern of being a microbiolo^st 
and also a multidisclplinary scientist. Other interests in 
art, history, politics, and writing remained as potential 
careers for some time because these were areas in which I 
had some ability and were then thought to be more 
appropriate careers for a young woman. Because of the 
mixed societal pressures, I was forced to reconfirm to 
myself continuously that my desire to be a s^'entist was 
stronger than other possible career choices. 

To be a scientist is every bit as creative as to be a 
painter or modeler. In all instances there are techniques 
you must learn first for they serve as foundations for 
the more imaginative work. For both the arts and 
sciences one can choose to be either a technician or an 
innovator for our world needs both of these types of 
people. Early in my career, I was fortunate to have been 
exposed to an unusual research laboratory environment 
in which beginners sought their own more advanced 
colleagues and through such exposure and individual 
study, could advance at their own pace. In addition, 
working hours were flexible because our lab was poor 
and most of us held other jobs to support ourselves and 
at the same time went to graduate school. Such an 
arrangement tested my desire to be a research scientist 
and taught me how to compartmentalize my life so that 
I would not have to sacrifice any of my avocational 
interests. In retrospect it prepared me for the ever 
increasing tempo of our technological society. Because 
our poor laboratory was not air conditioned for several 
years, two of us developed a summer work schedule 
which included working early in the morning, swimming 
all day long, and returning to work in the evening. We 
ended our first summer tanned, happy and with our first 
major scientific contribution althou^ neither of us had 
yet completed even our first graduate degree. 

Because I was allowed to find myself scientifically 
in a somewhat unorthodox laboratory, my own labora- 
tory always has been open to young people \A\o want 
to learn even if they are not technically registered for a 
course I am teacfiing. In my university career, however, I 
have worked to restructure courses and curricula so that 
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yoUhg students can uwquiro, within tiie normal school 
Iramework, the type of foundation information, op- 
portunity for research, and conversation with interested 
senior people that I picked up largely outside the 
classical academic environment. 

For me, continued association with universities is 
the foundation of youth. Since my research areas are 
fast moving, I will be a student all my life and so am 
one with the people I teach except that I am physically 
older. Training young people in one or more of iQy 
areas of interest and then following their contributions 
towards making this a better world is my connection 
with posterity even more than the papers I write. 



FORUM III 

THE ENERGY CHAIJ ENGE^1974 
AND THE F JTURE 

COAL-A NEW LOOK 

George W. Land, Director, Market Research, Amax 
Coal Company, Indianapolis, Indiana 

In the 1840's, fossil fuels supplied only S percent 
of the world's energy -men and animals 94 percent - one 
hundred years later, fossil fuels supplied 93 percent, 
men and animals 6 percent. Coal made up more than 
half of the fossil fuel. But in the U.S., this was down 
from 89 percent in 1900, and the decline is still going 
on. In spite of the fact that coal reserves represent 88 
percent of all proven energy rr-serve in the United 
States, in 1972 coal supplied only 17.2 percent of the 
total energy used here. 

The United States now has an energy supply 
problem of major magnitude. It was not unexpected, 
nor did it develop overnight. It can be overcome but not 
overnight. If the United States will make a commitment 
to research and development, manpower, and dollars of 
the same order of magnitude made to the man-on-the- 
moon effort* we can achieve energy independence by 
the mid-eigluies. One principal ingredient in this accom- 
plishment will be coaPs new look -clean energy from 
coal through improved combustion systems -combustion 
gas emission controls and clean gaseous and liquid fuels 
made from coal can supply basic energy not only for 
stationary but also mobile prime movers. Coal will have 
a new look and once again become **king" of the fossil 
fuels. 

ELECTRIC ENERGY OUTLOOK 

George A. Travers» Executive Assistant, Common- 
wealth Edison Company, Chicago, Illinois 

I. Introduction: Electric energy is not a raw material, 
but a manufactured product. Its supply is, there- 
fore» determined by two factors the availability 
of fuel and the capability of power generating 
equipment. 

A. Ttie data in this presentation is limited to 
Commonwealth Edison Company, serving 8 
million people in Chicago, and northern II- 
linois, and its interconnected companies, tlie 
Mid-American Interpool Network. 



B. The presentation includes an appraisal of the 
demand for power in the next decade, the 
planned power supply to meet that demand, 
and the long-range future of power generating 
techniques and sources. 
IL The Demand for Electric Energy: Historically, for 
the past few decades, the demand for electricity has 
doubled every 10 or 11 years in the Chicago land 
area, in the next decade we expect this to 
continue, with some possible slowing down in the 
decade to follow. 

A. Tiiere are present and foreseeable social and 
economic elements that will act as deterrents 
to electric energy usage in the years ahead. 

1. Saturation levels are being approached in 
certain high-usage commercial and residen- 
tial loads. The growth rate of air- 
conditioning, for example, for the past 20 
years cannot be expected to continue for 
the next 20. 

2. There is abroad in the land a resurgence 
of the pioneer conservation ethic: **Waste 
not, want not." Tfiis will tend to reduce 
consumption, not only by householders, 
but by better energy management in 
plants and ofllces, by better design of 
structures (glazing, insulation, etc.)« and 
by better utilization of equipment. 

3. Assuming some elasticity of demand, any 
increase in the price level of electric 
energy should have a negative effect on 
consumption. 

B. Conversely, there are offsetting social and 
economic elements that will spur the future 
use of electric energy. 

1. The gradual rise in population, families, 
housing units, jobs, and gross national 
product will exert continuous upward 
pressure on the demand for electricity. 

2. Ttie increased attractiveness of using auto- 
mation , electronics, and other power- 
consuming hardware to replace and aug- 
ment human labor will cause industrial 
and commercial usage to rise. Similarly, 
the use of electric vehicles, from fork lifts 
to '"second" automobiles, whose batteries 
are charged at night, will add useful load 
without adding to the peak load problem. 

3. Recycling solid wastes, re -processing glass, 
reclaiming paper, reusing metal, and in- 
creasing municipal sewage treatment all 
use large amounts of electric energy 
Better water waste management, increased 
precipitation of stack emissions, and other 
clean-up devices will add further to in 
dustrial demand in the years ahead. 

4. The goal of increased and vastly improved 
mass transit systems in large urban and 
suburban areas will also add a si/able 
electric energy load in the future, re- 
placing petroleum consumption. 

C. The net effect of these many complex and, at 
present, unquantifiable vectors appears to us to 
be an upward usage of power of between 7 
percent and 8 percent annually; we expect this 
to be several percentage points lower during 
the present Arab oil embargo. 
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' ^ III* The Supply of Electric Energy: Commonwealth 
Edison now has a total capability of producing 
approximately 16,500 megawatts of electric energy* 
About 5,000 megawatts of this is in nuclear units; 
over 9,000-mw in conventional fossil-fired plants; a 
little less than 2,000 in fossil-fired peaking plants; 
and 500 from the pumped storage facility in 
Michigan. 

A. Edison's fuel budget for the current year is 
roughly: 20 million tons of coal; about 3 
million equivalent tons of coal in the form of 
oil and natural gas; and about 12 million 
equivalent tons of coal in the form of nuclear 
fuel; or about 35 million equivalent tons of 
coal, in all. 

1. We have long-range coal contracts for 
both Illinois and western coal which will 
be sufficient for the foreseeable future. 
The total national coal reserves are equiv- 
alent to something over 500 years' 
supply. 

2. We will be importing low sulfur residual 
fuel oil for a great many years to come. 
The present oil embargo will, of course, 
have an adverse effect on our ability to 
use foreign oil. Premium oil and natural 
gas will also be used for peaking units. 
Our use of these domestic fuels will be 
subject to the limitations of our suppliers, 
just as for all other users, and this may 
reduce our generating capability from 
time to time. 

3. Ttie nuclear fuel suppliers do not foresee 
any serious difficulty in mining ore and 
processing the fuel for the present genera- 
tion of reactors. The development of the 
breeder reactor and its salutory effect on 
the supply of fuel holds great promise for 
the future reserves of domestic uranium 
ore. 

B. Commonwealth Edison's planned additions of 
electric generating facilities by the end of 1982 
call for some 4,300-mw of fossil-fired units, 
and about 9,000-mw of nuclear capacity. 

L An additional coal-fired unit at Powerton 
(840-mw), near Pekin, will be installed in 
1975, and an entirely new oil-fired station 
will be built on the Illinois River near 
Morris, capable of 2,500-mw (five mw- 
units). Both will use cooling lakes. An 
additional 1,000-mw will be installed at 
Will County Station, using cooling towers 
in 1977-78. 

2. Eight nuclear units - four pressurized 
water reactors, two boiling water reactors, 
and two as yet undesignated - will be 
placed in service before the end of 1980; 
these include Unit 2 at Zion Station on 
Lake Michigan; LaSalle County Station 25 
miles down the Illinois River from 
Dresden; Byron Station, using cooling 
towers, 18 miles southwest of Rockford; 
Braidwood, 25 miles south of Joliet on 
abandoned strip mine property; and two 
near Savannah, Illinois on the Mississippi 
River. 

C. The total capability at the end of the decade 
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ihduid approximate 29,0(X)*mw, dbout half of 
which will be nuclear. During these years, 
generating reserves (capability in excess of 
peak load) will range from about 12 percent to 
over 20 percent* based on long-range load 
forecasts and anticipated start*up dates for new 
equipment, 

D, The availability of both firm and emergency 
power from our neighboring utility companies 
provides additional capacity should we be 
caught short by unforeseen delays or un- 
planned eauipment outages. The amount of 
energy available will vary from day to day and 
year to year, depending on a variety of factors, 
including weather conditions. 
IV. Conclusion: We foresee no shortage of electric 
energy if all our plans for new construction are 
met; delays in construction and equipment delivery, 
over-long hearings and other procedural delays in the 
regulatory process, and selected fuel shortages of oil 
and natural gas could all have a bearing on Edison's 
ability to meet the demand during a given period of 
time. We remain optimistic about our ability to meet 
customer's demands throughout this decade, 

A. Many of the governmental and private projec- 
tions of the long-range energy supply situation 
in this country include a great deal of conjec- 
ture and depend to a great degree upon 
undeveloped technology. At present, the 
breeder nuclear reactor appears to be the most 
promising next step in energy production with 
minimum impact on the environment and 
natural resource reserves. 

B. Beyond the breeder in the nuclear area is the 
great promise of fusion, which is now deve- 
loped only in theory. Escalation of the theory 
to workable bench models and prototypes to 
commercially operable machines is at least 25 
to 30 years away. 

C. Naturd energy sources * hydro, solar, geother- 
mal, winds and tides - all hold some promise 
for limited local energy supply by the end of 
the century, but cannot be depended upon as 
meaningful supplements to man-made electric 
energy. 

D. Exotic man-made generation concepts, such as 
magnetohydrodynamics and electro- 
hydrodynamics, are also promising for limited, 
localized usage, but do not now appear to hold 
any hope for replacing present large-scale 
methods of generation. 

E. Coal gasification and desulfurization could be a 
very significant development in years to come 
in optimising the use of the great coal reserves 
of this country. Research and development is 
already well underway in this area and a large 
prototype system is expected to be in opera- 
tion by the end of this decade. 

F. In summary, the energy "crisis" is not im- 
minent, as far as Commonwealth Edison sees 
the situation; but there are many unknowns, 
many variables, and many challenges to which 
Edison's management will have to be con- 
stantly attentive and vigilant. 



NSTA CONCURRENT PANELS AND SYMPOSIA 




SESSION 

PERSONALIZED SCIENCE- 
A HUMANISTIC APPROACH 

IS KNOWLEDGE OF SCIENCE SUFFICIENT? 

Michael Gon/alez, Science Learning Specialist, Hills* 
borougji County Public Schools, Tampa, Florida 

The human mind can endure many taxing stimuli in 
a hostile and toxic environment, but only through some 
meaningful and reinforcing experiences will it be able to 
combat this milieu. Whether this situation becomes a 
tragedy or not depends on the empathetic responses that 
other minds have for this one struggling primate. May we 
all recognize the real human predicament of every 
individual living with today^s ecological frame*of* 
reference. 

The educational environment certainly is recognized 
as a more sophisticated niche than the noneducational 
one. Ironically, we continue to proclaim that the total 
environment in which we live should be educational, but 
being human we continue to separate the total environ- 
ment into niches. Unfortunately, we have not allowed 
ourselves to perceive the repercussions. 

Can we really communicate totally with an individ- 
ual if his knowledge within the science spectrum is the 
only thing that interests us? It would be totally absurd 
to think that the attitude of a student toward science 
has no effect on his accomplishments. Should we not be 
concerned about his attitude toward the subject matter? 
I distinctly remember t\v\ science was a subject that 1 
strongly disliked throu^aout my junior high and high 
school years. I can also relate the reason for this most 
unfortunate experience. No one really cared whether I 
liked science or not until I started to attend the 
university. Interestingly enough, my hospital job, not 
my academic experience at the university turned me on 
to science. 

It has been my experience that human beings are 
extremely alienated from each other. One prime ex- 
ample of this alienation is the apparent separation 
between the young and the old. It seems to me that 
many of us can be held accountable for depriving 
human beings of happiness. The young are regarded as 
lost hippies; the old are regarded as hopeless, unhappy, 
depressive, forgetful people. 

It so happens that both the young and the old are 
niied with feolings. They aren't feelings that can be 
measured. So the result is that a hearing loss implies 
that there is ilso a loss of feeling for life. Why do we 
continue to behave so illogically? 

Tlie teacher alienates himself from the student as he 
does . )m the rest of humaniiy. 

liic teacher faces in the classroom the same type of 
tragic experience that he faces in the "outside" world. 
As a matter of fact* considering the classroom as a 
completely separate entity from the rest of the world is 
even more convincing evidence of alienation. Recog- 
nizing a student simply through his credentials is the 
same as recogni/hig a human being solely through his 
natiimaliiy. They arc both very objective characteristics 
of the same kind of being. It distinctly reminds me of 
the attitudes that one encounters on a trip to a foreign 
country. .Most ot the people on the trip are traveling 
ium one country to another country without getting 



involved with the unique features of the second country. 
Tills is a cold fact, but that is typical of the American 
tourist. As long as we can repoit on the physical aspects 
of our glorious visits, that is sufficient. These trips 
apparently don*t teach us anything about what to do in 
the classroom. WouIdn^t you think that the recent 
report by the Civil Rights Commission on the academic 
status of Chicanos in American classrooms would be felt 
by American educators? Is ii really a sin to speak the 
mother tongue in an American classroom? Maybe 
English sounds like a cleaner language than Spanish. It 
surely does make the poor souls feel alienated. 

The only thing that seems to matter is that we are 
able to see the highliglits that typically happen in the 
classroom. 

The highlighting characteristics indicative of Troy 

are: 

1. He does his laboratory work. 

2. He never answers back. 

3. He always does his homework. 

4. He gets **A's" on his tests. 

5. He dresses nicely, * 

It doesn't really concern us that he may have some 
inner feelings that are trying to jump at us. That isn't 
part of our role. Our role is to objectively report the 
status of this being in the classroom. 

I submit that it is part of our role to get involved. 
It isn't enough for me to report on the physical beauty 
of another country, because that isn't all that interests 
me. I am interested in the human beings that make that 
country what it really is. What they laugh at, what they 
do throughout the day, what they think, and everything 
that is characteristic of them as human beings is 
important to me. 

Troy isn't just someone that has received an "A" 
on a test. He is also someone who cries, laughs, thinks. 
Should we be concerned about his thoughts? Would it 
be feasible perhaps to become more empathetic with 
Troy? It may mean that we would have to spend more 
time relating to him. Could it be possible that Troy 
makes an "A" on his test and really dislikes science? 
How can a human being do well in something he 
dislikes? Our means of measuring Troy's success is 
knowing how well he memorized the specific subject 
matter. 

But, have we ever wondered how he feels about the 
subject matter? How does he feel about anything? 
Should that be a tabu territory? 

In my own experience certain things excited 
teachers and professors in science courses: 

1. How well I could memorize the names of the phyla 
and their respective characteristics, 

2. How well I could regurgitate the locations of the 
origins and insertions of mammalian muscles, 

3. Wliether I could identify all of the given unknowns 
in a chemistry laboratory, 

4. Whether I could solve a Mendelian genetics prob- 
lem, 

5. Whether I could apply a mathematical formula to a 
physics problem, 

6. Whether f could draw "pretty" pictures. 

I learned to do these things well, and the only 
reinforcement I ever received was a "nice" grade on a 
test. I never was asked if I liked what I was doing. A 
recent anecdote amused me no end since it related 
beautifully what f sincerely feel is happening in the 
classroom today. At a recent visit to my i^ptometrisi lie 
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tdid me that a young man had posed a question to him 
concerning his profession, Tlie young man said, "Doc, 
do you like what you are doing?" Wouldn't it be great if 
alt students were asked that particular question? As a 
matter of fact, the doctor enjoyed this question and 
remarked that he thought about his role for the first 
time in a deep sort of way. 

Suppose a student dislikes science, That would be 
somewhat shocking to a teacher if he became aware of 
the fact at the end of a science course. I'm sure Troy 
didn't start disliking science at the end, but due to 
psychological alienation, the teacher wasn't concerned 
enough to know this. It is important to know how Troy 
feels about science, since the climate within that science 
classr(x)m should be a happy one and not a torturous 
one. It is our job to placate Troy in every possible way. 

There are several factors to consider in relating to 
Troy as a fellow human being and some of these aren't 
easily measured. The following are some of my beliefs: 

1. The student has feelings, and these feelings un- 
doubtedly influence his behavior in every respect. 

2. It is our duty as educators to have respect and 
empathy for his feelings, since he does become part 
of owr life, and our life should be part of his, 

3. To be able to listen patiently to the expression of 
his feelings isn't enough. We must also live those 
feelings. 

4. The classroom environment is not separate from 
any other environment, because the human being 
doesn't live in isolated places. He lives the whole 
day, and the whole day encompasses everything 
that is part of him. 

5. It is most important that his attitude about 
learning become part of his total life and not just a 
classroom attitude. 

6. We should be concerned about his attitude, but not 
in the sense that we are going to force our 
attitudes on him. 

7. We should all be in the business of growing and 
this is an art that should never cease expressing 
itself. 

8. Let our dreams be forever heard, since they are 
part of us. It would be a gross injustice to 
humanity to deprive human beings of the beauty of 
dreaming. 

9. Let us be proud to offer ourselves to each other. 

10. It isn*t enough simply to care, we must also show 
that we care. 

Maybe I'm asking that we all become Don Quixotes 
in our own unique way. That includes students, too. We 
each have a dream that is beautiful. No one wants his 
dream to be destroyed. Socrates wanted to help the 
young by getting them to think. Martin Luther King 
wanted human beings to express their love for each 
other in every possible way. 

Would it be totally illogical to think that some 
students may want their total environment to be like 
Camelot and that wliat happens to them in that 
classroom can destroy that real dream? They want to be 
shown that their likes and dislikes are part of the 
make-up of Camelot. It is important to know how they 
feel about everything since that is part of being a human 
being. 

There is no end to the diverse topics that can be 
covered with students. They are filled with meaningful 
facts, and they can express themselves in an indefinable 
manner. There is a sincere feeling behind each verbal 



expression and their faces epitomize the "realness" of 
humanity. The uniqueness of each student never ceases 
to amaze me. They are individuals with hang*ups, 
beauty, feelings, prejudices, logic, love, and all of the 
things we often use to describe '"other" human beings. 

Recently, one of my students who happens to be a 
Black prisoner, gave me a poem to read, which really 
turned me on. Willie felt good about his poetry, ready 
to tell the whole world about it. What he desires is for 
someone to recognize this personal ability or trait, being 
part of him and constituting a unique element in his 
life. Does it take much to tell this soul that you dig his 
poetry? 

Another prisoner was quite depressed about his 
environment, which he indicated was extremely cold, 
sterile, and boring. He said to me, ''Mike, if only we 
could have some contact with our visitors. It doesn't 
have to be sexual, but only to be able to touch someone 
and know that there is some concern for us as human 
beings," The longing for acceptance through the sense of 
touch is not a new phenomenon in human history and 
yet we continue to deprive each other of this beautiful 
means of communication. 

These human beings are declared losers, having 
become social failures, similar to the academic failures 
that are produced in many classrooms today. For some 
reason, we continue to believe that academic problems 
can be solved through the penal systems of grades that 
have been so beautifully built into our academic 
environment. It's ironical that we seldom talk about the 
students that have succeeded, but only about those who 
have failed. It isn't necessary to fail any student. Why 
can't a student simply receive an "X" grade, if the 
teacher feels that he hasn't absorbed enough facts? The 
"X" can be changed to a passing grade when he reaches 
the proper point of success. Of course, some teachers 
may be more interested in thinkers than in regurgitators. 
That kind of student is probably more difficult to grade 
on a standard grading scale. 

Maybe the point of arrival is when educators realize 
that the classroom is not only a place to gather facts, 
but a place to orient one's self. One can memorize the 
name of every muscle and bone in the human body, 
without ever realizing or knowing how they work 
together to produce movement of the body. It reminds 
me of an episode that recently occurred within an 
ecology class while I was in the middle of a lecture. A 
student in the class suddenly developed an epileptic 
seizure without my immediate observation. There was a 
deep silence, indicating that something had happened. 
Finally, the students informed me that the boy was in 
the middle of a terrible seizure, and I panicked 
internally. Fortunately, I was sensible enough not to 
show my fear and I proceeded to ask the others what 
usually is done for the student. I laid him down and put 
my kerchief between his teeth. It took me a few 
minutes to decide what to do. Human physiology 
happens to be an important area of interest for me. 
Epilepsy can be defined in a most sophisticated manner 
and the proper steps for taking care of a person 
developing a seizure have been appropriately memorized. 
Yet, I became very fearful, not knowing what to do and 
even lifted the student before he had finished having the 
complete seizure. Another interesting feature of this true 
story is that I didn't even realize that there was 
someone having a seizure, since I was so wrapped up in 
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developing a wonderful ego trip with my fancy lecture 
on the "chemistry of life/' 

Is it really that important to know a fact without 
having any feeling for that fact? Maybe the role of the 
educator is developing some empathy for his environ* 
ment instead of destroying the humanity of that 
environment with the distribution of cold facts. 

A student comes to our uniaue environment with a 
sincere motivation to learn. A humanistic atmosphere 
should be provided that will allow him or her to create 
the kinds of things that can only be found within his or 
her inner self. He needs affection^ love, and under- 
standing. He should be recognized as an individual with 
feelings. 

The academic environment cannot be separated 
from the total environment. Only through the actual 
encounter with the psyciiological and sociological stimuli 
existing within his real world can the student learn to 
appreciate the educational stimuli also found in this 
world. 

Here he will be able to communicate with his own 
peer group, which undoubtedly helps him to adapt in a 
sound manner. Our primary goal is to try in every 
possible way to create a situation where humanistic 
learning takes place and thus happiness can be found by 
each human being. 

1 sincerely submit that we owe it to ourselves to 
appreciate the **love" within the students in our class 
and also share our *Move" with them. It is our 
responsibility to establish an empathetic relationship 
with tlietn, since they have added to this life of ours as 
much as every living organism. 

We need them as much as they need us. Let us all 
meditate on this important responsibility. 

SESSION A-S 

GENERAL SCIENCE AND SCIENTIFIC LITERACY 

VALUES, INFORMATION, AND STRATEGIES TO- 
WARD LITERACY IN SCIENCE 

Marvin Meissen, Environmental Education Coordi* 
nator. Research and Development Center, Madison, 
Wisconsin 

It is the responsibility of schools to produce an 
intelligent citizenry. The ability of our citizens to 
understand national and international problems is 
dependent in part upon their scientific literacy. The 
layman is surrounded by scientific developments and is 
bombarded with much scientific information. A literate 
individual must have some understandmg and appreciation 
of science in order to make valid judgments as a citizen. It 
is really this aspect of appreciation which I would like to 
address in the framework of scientific literacy. 

Young people in the 1970's view life individually and 
uniquely. They're developing a variety of life styles that 
provide alternatives for the planning of their lives. 
Especially in the age group which is taught general 
science, many students want to plan for themselves and 
their future. Whatever the attitude of a young person his 
options have increased over former times. The greater the 
number of opportunities the more likely a person is to 
find personal satisfaction. More options, however, do 
make the task of deciding among them more difficult. 



More values are in conflict » more variables have to be 
considered, and a greater amount of information is 
needed. This is true today in the environmental and 
science areas as well as in the career areas and in many 
others that junior high, middle, and higli school students 
face. Forced to choose without adequate information 
based on objective data or personal experience, without a 
feeling for future consequences, without sufficient skill or 
practice in the process of deciding, the person may choose 
unwisely. 

An important part then, of scientific literacy is a 
strategy to make decisions. I think all of us find ourselves 
making pervasive and important decisions in a nonsystem* 
atic or haphazard fashion. Generally our schools have not 
provided the means by which people can learn a conscious 
process for making decisions. School counseling attempts 
to help students learn how to make decisions but a major 
portion of the time spent in counseling is developed by 
supplying information to the students or obtaining 
information about courses he's taking. 

I propose that a decision-making strategy be taught 
within the framework of science as a means to obtaining 
scientific literacy. Science teachers have traditionally 
avoided values as ai t unscientific component of developing 
knowledgeable citizens regarding science. How you feel 
about an issue (such as energy consumption) is not 
important. One is taught to be objective, one is taught 
that a process is more important than the person doing it. 
Just as we know tl^at the teacher variable is much more 
important than the program, I also feel that the aspect of 
how students process information relative to themselves 
and others is as important as the concepts which are 
taught to these students in science courses. Any science 
program of a general nature which is designed to develop 
scientifically literate citizens should have an aspect of 
decision*making that allows students to practice these 
skills based upon the best evidence available. 

Decision-making courses have become fairly common 
in social studies departments as senior or uppei level high 
school courses in our local school systems* A program 
developed by the College Entrance Examination Board in 
1972, authored by Gelatt, Varenhorst, and Carey 
approached this at a junior high level and hoped to use 
decision-making concepts and skills to clarify for the 
student what is necessary to make good decisions. This 
type of decision-making rationale and principles should be 
incorporated into general science courses, applied to 
relevant problems for students, and be practiced as a part 
of the curriculum to develop scientifically literate citizens. 

A decision does not exist until there is more than one 
course of action, alternative, or possibility to consider. 
When decision-making is skillfully utilized it's more likely 
that the outcome will be satisfying. A skillful 
decision-maker has more personal freedom in his life 
because he is more likely to recognize, discover, or create 
new opportunities and alternatives. 

We have asked our citizens to make decisions 
regarding environmental, social, scientific, personal, and 
public concerns without formally addressing in an 
educational or systematic manner the way in which these 
decisions are to be made. Two people may face a similar 
decision but each person is different and may place 
different values on outcomes. It is the individual who 
makes each decision unique. Learning decision*making 
skills increases the possibility that each person can achieve 
that which he values. 
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In the process of decidlngt the program I previously 
mentioned outlines three major requirements for skiilfui 
decision-making. One, the examination and recognition of 
personal values. Two, the acquisition of knowledge and 
the use of adequate, relevant information. Three, the 
knowledge and use of an effective strategy for converting 
this information into an action. It is these three 
requirements that I see as part of a general science 
program that would lead toward literacy in science. Hence 
the title of this presentation, Vahies, Information, and 
Strategies Toward Literacy in Science. 

Values are the foundation and the integrating 
framework of the complete decision-making process and 
for this reason should be a part of every consideration in 
the classroom. We all realise, I think, that science teachers 
seldom take up value laden issues in the classroom. Values 
determine what is satisfying and this helps a person to set 
objectives. Values also dictate the action to be taken to 
reach those objectives. Before relevant information is 
applied, personal values must be examined and recognized 
by the individual. Trying to use some systematic 
decision-making process is a value. A person facing a 
decision involving a conflict of values accompanied by 
strong emotion knows he faces an important decision, one 
requiring skill to decide satisfactorily. 

A general science course should take students 
through a consideration of these topics. First, the 
importance of values in the decision. Be it an 
environmental issue or a scientific controversy the part 
played by human values has to be recognized. Second, the 
individual or personal nature of the values that are 
exhibited. That all people have values and that they differ 
widely has to be acknowledged, liiird, a definition of 
values. A picture of how values differ from understandings 
and what they are is essential. Four, recognition of these 
values in others. Five, clarification of one's own values. 
Six, identification of values of groups. Seven, converting 
values into objectives for use in making the decision. 

There are many different definitions of values. The 
definition of values that appeals to me is something a 
person prizes, cherishes, esteems; something he expresses 
consistently in his behavior. Defined as such, it is broader 
than specific interest, feelings, beliefs, or attitudes. The 
reason that general science has avoided values is that it is 
difficult for a science teacher to introduce such a personal 
subject as values without bringing to the students his own 
subjective ideas. Despite these complications the consider- 
ation of values cannot be neglected if we want to be 
honest with students and encourage them to make sound 
decisions. Prizing, cherishing, and esteeming lie in the 
affective domain. Education has traditionally concen- 
trated on the cognitive with the neglect of systematic 
consideration of affect and, therefore, values. Values are 
learned. Tliey are appropriate subject matter for the 
classroom. Students will be better educated, more 
competent, and more independent if they learn the source 
of values, how they were acquired, values of other people, 
and respect for differing values. Smdent values and the 
studying of these values allow the student lo know more 
about themselves, have a clearer picture of their own 
values, give greater commitment to those that they 
choose, experience the satisfaction of achieving what is 
valued, and become more effective decision-makers. 
This, in my estimation, would be one giant step toward 
establishing scientific literacy. 

There are some sensitive areas in the addressing of 
values (identified by Gelatt) that also apply to science. 



First, students may find it hard to be honest with 
themselves, their classmates, or the leader as they begin to 
look at their values. Values deflne the uniqueness in the 
individual for each person. Fearing judgment on the part of 
others or on the par! J the teacher may cause students to 
vithdraw from a public revelation of their values. Second, 
a teacher could indoctrinate students with his own values 
and, of course, should avoid doing so. The fear of 
indoctrination has often prevented any discussion of 
values. We are as science teachers, objective; therefore the 
value quest' ^n has been omitted from our program 
completely. A teacher is less likely to indoctrinate 
students by remembering the following: There are no 
right or wrong values. Values can only be judged by the 
individual for himself and the teacher's own values may be 
respected less by some students than by others. Third, the 
leader is less likely to indoctrinate the students if he 
remembers that values are learned and that a person who 
has only one set of values that are applied automatically 
without being examined would be functioning like a 
machine. Such a person would not be capable of 
determining his unique life style as would be the person 
who thought about his own values. 

In terms of environmental education and science 
education there are three major causes of problems. One, 
the externa! effects, the unintended, the side effects that 
cause environmental or scientific problems. Be it a new 
drug or a manufacturing enterprise. Unintended side 
effects may be found that could be desirable or 
undesirable. Some values must be looked at in this 
context. Two, another cause of problems is patterns of 
decision-making in regard to resources. Resource owner- 
ship may be thought of in terms of private, corporate, 
public, or no ownership. Any owner brings to the control 
of those resources, personal values. The same is true of 
public and corporate decision-making processes. Values 
that exist must be recognized. A third major cause of 
environmental or scientific problems lies in the area of 
value conflicts. We don't address this, however, in any 
course in systematic form because it is not considered a 
part of general science. Concerns about what are the best 
values for individuals, what are the best values for society, 
and how conflicts are to be resolved have been avoided. 
This causes environmental problems. This causes scientific 
problems. Of course everyone feels ^^your goals are in- 
ferior, my goats are superior,'' without an examination of 
''your goals or my goals'' and their value input. In a final 
discussion of this idea of values it is important to 
note that there are four approaches to values as identified 
by people such as Don Oliver, Sid Simon, and Irv 
Morrisett. One, indoctrination -''Don't examine but you 
better agree." Two, value clarification -''You have a set of 
values, you get them clear in your own mind." Three, 
value analysis --^^Uov/ do my values relate to one another? 
Are there contradictions? Are there consistencies?" Four, 
value cvmmitment '*'Get with something, do it, take 
Some action." It seems to me that without an examination 
of values we cannot expect general science courses to 
address the problem of scientific literacy. We ask students 
to apply science knowledge that we give them without 
exploring the context of that information. 

General science also should teach students to find 
and evaluate information. The scientific information and 
the processes by which this scientific information was 
obtained have been well dime in my estimation during the 
last round of curriculum developments. Learning to find 
information ahi)Ut each of the alternatives to make a 
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decision: where to go, what to ask, or what to look for 
and then evaluating that information are skills that are 
essential to a decision*making process. These vital skills 
must be dealt with in the science courses and they fit 
most advantageously into a general science course. 

Information could be divided into four parts. One, 
possible altentative actions that could be taken regarding 
some decision about science. Two, possible outcomes or 
consequences of these actions. Three, probability of the 
outcomes, the relationship between the actions and 
outcomes, and lour, .he desirability of the outcomes, the 
personal preferences. A person who has a decision to 
make regarding science, the environment, or his personal 
life, may think he's deciding between the only alternatives 
available. But if his alternatives could be increased in 
number he would increase his freedom of choice. An 
individual seldom knows all the alternatives that exist nor 
has the time to find or consider them all. A few years ago 
a middle school in my home town was built as a result of 
using arguments by two opposing forces both of which 
wanted other ahernatives, not the middle school. A 
creative individual who saw another alternative looked at 
the arguments for the presented alternatives (location of a 
high school) and used these arguments to support the 
building of the middle school in a particular location. An 
alternative that remains unidentified or rejected on the 
basis of insufficient evaluation miglit as well not exist. 

If a group of students were asked to write down 
individually all the possible alternatives available to them 
upon leaving high school a large number of alternatives 
would probably result. By reviewing the list to discover 
the alternatives that actually were not alternatives, 
students would not only appreciate the importance of 
having a number of alternatives in decision*making but 
also the need for information about each. 

The location of nuclear reactors, the support of 
Skylab and future NASA activities, the additional support 
of scientific research, and chemical additives in our lives, 
all require information about alternatives to the decision 
for the person to be literate regarding that choice. A 
scientifically literate person needs to think about the kind 
of information necessary to him in order to give direction 
to this search for information. He may tind he does not 
want to read all that is available. He may want to make a 
phone call. He may want to refer to an individual he 
respects. The kind of information that is sou^t influences 
the evaluation of possible outcomes. The sequence 
followed to get information may even determine the 
decision to be made. A boy who talked to his father about 
whether to go out for baseball or track is getting 
information. If his father advises him that he would not 
be able to keep his car unless he gets a job after school to 
support the car he now faces a new decision-is he going 
out for sports or is he going to get a job. Because 
information affects the decision, a person should consider 
his sources, interpret the information, its objectivity, and 
its relevance. 

Another point regarding information is that igno- 
rance about what information is needed to make the 
decision may cause the person to make the decision on 
irrelevant data. It may be very impressive to know that 
80 percent of the students attending a certain university 
drive Ford cars. What, however, is the significance of this 
data to a person in making a decision between a Ford or a 
Chevrolet? 

The third important part of developing literacy in 
science through general science is the application uf 



strategies. The final phase of the decision*making process 
that people would use in a science context requires the 
calculation of risks associated with each considered 
alternative, and applying what has been learned to making 
a decision-integrating the previous steps of values and 
information requires the use of a strate^. Estimating the 
risk involved in each possible alternative ties together the 
personal values and the information that has been 
gathered. Most decisions involve some risk in terms of 
possible outcomes. Knowing the personal importance of 
various outcomes determines the degree of risk a person is 
willing to take to achieve them. Few human decisions are 
made under conditions of certainty. 

The conditions under which all decisions are made by 
individuals can be divided into four classifications- 
certainty, risk, uncertainty, and combination. Certainty is 
where each choice leads to one known outcome. If you 
jump from a building vou will fall. With risk each choice 
leads to several possible outcomes with known probabili- 
ties. For example, when a person decides to flip a coin to 
make a choice he knows he has a 50 percent chance of 
getting heads and a SO percent chance of getting tails. 
Uncertainty means that each choice leads to several 
possible outcomes with unknown probabilities. When the 
astronauts first landed on the moon there were several 
possible results but no one knew the exact chances for 
each outcome occurring. The combination involves both 
risk and uncertainty. For example, when a person decides 
to apply to a college he doesn*t know for certain if he will 
be admitted but he can use data to make an estimate of 
his chances of being offered admission. 

The strategy is a plan for converting values and 
information into a decision. This should be addressed in 
the general science course. In this sense there is no such 
thing as not having a strategy. So we either try to 
^stematically teach decision-making strategy regarding 
scientific and environmental issues or we take what we 
get. 

Several commonly used strategies discussed by Gelatt 
and Varenhorst involve such strategies as the wish 
strategy, that is you choose what you desire the most. A 
person chooses what he wishes would happen. If I vote for 
the nuclear reactor then my electric bill will go down. 
This is the same as choosing the long shot in a horse race. 
It*s easy to use this strategy. All you have to know is what 
you desire the most and have some information about the 
outcome. You don^t need to know probabilities at all. 

The safe strategy, choose the most likely to succeed. 
Don't build a nuclear reactor because there's a possibility 
it's dangerous. In a horse race the choice would be the 
favorite. It's a little more difficult to use this strategy. A 
decision-maker needs to know his objective and have some 
information about possible and probable outcomes. At 
the same time he is required to be somewhat more specific 
about his objective. 

A third strategy is the escape strategy -choose to 
avoid the worst. It is sometimes called the minimax 
strategy, because it minimizes the maximum disaster. It 
escapes misfortune. It is relatively easy to use this 
strategy. A person merely needs to know a little bit of 
information about outcomes and what he consideres the 
worst outcome. The nuclear reactor could have an 
accident, therefore we vote against it because of its 
potential disaster. 

A fourth strategy is the combination strategy, that is 
choose both the most likely and the most desirable. This 
is the combination of the wish and the safe strategies. Tlic 
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strategy suggests that someone suggest the course of 
action that Tias both high probability and higli desirability. 
That is the highest expected vaUie. This seems the most 
logical and reasonable; it is the most difficult to apply and 
it presents several problems in terms of making scientific 
decisions. First, it requires that the person knows, his 
personal values and has some objectives. Second, it 
requires knowing alternatives and having the ability to 
predict possible results. Third, it requires the ability to 
estimate probabilities. And fourth, it requires the ability 
to designate the relative value of something. 

In talking with science teachers and in looking at the 
trend of the times regarding social science, science, 
environmental education, drug education, and career 
education, we have been searching for a good deal of time 
for ways to get at scientific literacy. Today's era of 
humanistic approaches has relegated science to something 
less than* the most popular course in the curriculum. By 
presenting students with issues and problems that are 
available, that are controversial, and asking them to 
investigate their own values, it appears that a good deal of 
the problem towards scientific literacy can be overcome. 

This also assumes a more humanistic approach to 
science teaching. It is not just 800 terms to be learned, 
nor 45 experiments to be completed, nor lab books and 
lab reports to be written carefully, but it is addressing the 
human element of the enterprise of science. 
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Edward M. Mueller, Science Consultant, Neenah 
Public Schools, Wisconsin 

The NSTA publication, "School Science Education 
for the 70's,*' contains the major goal, defined as *The 
development of scientifically literate and personally 
concerned individuals with a high competence for 
rational thought and action." Further, we find that 
among other things, the scientifically literate person: 
"recognizes the limitations as well as the usefulness of 
science and technology in advancing huntan welfare: 
understands the interrelationships between science, tech- 
nology, and other facets of society, including social and 
economic development: recognizes the human origin of 
science and understands that scientific knowledge is 



tentative* subject to change as evidence accumiilates.** 
Also, to promote scientinc literacy, science curricula 
must contain among other things, "the social aspects of 
science and technology and values deriving from 
science.*' Further, the publication states that, "all 
teachers, and especially science teachers are challenged 
to educate young people to expect, to promote, and to 
direct societal change.'* These are the areas of "Scien« 
tific Literacy" to which I would like to direct my 
remarks after a look at "General Science.*' 

General science today is not the same course most 
of us suffered through little more than a decade ago. 
About the only thing that held the course together was 
the cover of the book. Remember the great enthusiasm 
. with which you read several pages, did several exercises 
designvu to test your comprehension, had a little 
discussion with a possible demonstration now and then, 
and finally had a mastery test which did little more than 
confirm your reading ability? I believe that "General 
Science" as presently taught in the middle and junior 
high schools today consists of topics arranged In such a 
manner that there is a spiral sequential nature to the 
curriculum along with an entirely different manner of 
learning. Science ability is no longer I to 1 with reading. 
Most science classes have hands-on experiences for 
young learners and many teachers use different testing 
means than the old memory-recall method. 

Today's general science is more topically organized 
with many schools teaching units organized into life 
science, earth science, and physical science. This type of 
arrangement allows prepared teacher-specialists to teach 
in their area of major concentration and other teachers 
to concentrate on one area rather than several. 

looking at integrated science, meaning those 
courses with all sciences taught as interrelated disci- 
plines, we find very few if any that are truly Integrated' 
even though Dr. Leopold Klopfer predicted in 1966 that 
"we shall soon witness a strong movement toward 
integrated science courses in our secondary schools." 

What happened to this bold prediction of 8 years 
ago? Why is it that only one curriculum project, as yet 
with no materials available and only beginning to be 
organized at Florida State University in Tallahassee, has 
attempted to enter this area, and why is it that at this 
time I would predict that integrated science has about a 
25 percent or less chance of success? 

My thesis is that it makes no difference what the 
curriculum is, or what the goals of curriculum develop- 
ment are. Whether topically organized general science, or 
integrated (by any stretch of the word) science, with or 
without scientific literacy, the most important ingredient 
in any curriculum is the individual classroom teacher. A 
coordinator I once knew said, "let me choose the otaff, 
and the curriculum will take care of itself." 1 believe 
that statement more and more as I work with profes- 
sional staffs. 

Going back to our goal of scientific literacy, If we 
wish to attain this goal for our present students at the 
junior high/middle school interface, the most important 
person we must reach is probably not in this room. He 
is the classroom teacher. 

Most science teachers, who have been in the field 
for at least a decade, take great pride in the fact that we 
put men on the moon before the Russians. Remember 
the big curriculum upheaval after "Sputnik." tvery 
science teacher took a personal vow to beat the Russians 
to the moon and we began to crank out curriculum 
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designed to nwet thin gouL However, if we reully atmly/e 
the situation, how could d l2-year«utd science student of 
the htte SO*s do much if anything to put man on the 
nwon hy I%0 when he was barely out of college? Now 
we are being called after the great social emphasis of 
the middle to late sixties, to develop a scientifically 
literate jierson who will acfiieve the great goals listed in 
the initial paragraph of this paper. 

How can science, either general or integrated, 
develop in the general population an understi»f»Jing of 
the impact and direction of science in our society if we 
liave teachers who on the one hand say they are, 
''aiming at inculcating the beautiful, the good and the 
true, while their test questions inform the stuilents that 
hi I . really aiming only at the memorization of a bunch 
of facts and trivia." (Bently Glass) 

I believe integrated science or any other kind of 
science cuiricuUim which has as its goal the development 
of scientifically literate people with heavy empliasis on 
humanism is doomed before it begins by the back- 
grounds of tlie science teachers involved. 

Looking at some fairly typical science training, we 
find that most states, administrators, teacher-training 
institutions and even teachers themselves are unsure of 
what constitutes adequate preparation of junior high/ 
middle scliool science teachers. This, is a very neglected 
area. For example, in a study I did I found that: 
L f ver 10 percent of a national sample of secondary 
It *chers reported they were teaching in a subject 
arci in which they did not feel qualified to teach. 

2. Certification standards for 43 of the 50 states do 
not spell out requirements for junior higli/middle 
school teachers. 

3. About 20 percent of Wisconsin school district 
superintendents believed that the junior higli group 
of science teachers was adequately prepared for 
their assign ments« 

4. Graduation requirements from most institutions 
require proficiency in only 1 or 2 usually closely- 
related areas for certification. Tliis is fine for 
specialty-area teachers but obviously poor for the 
general or integrated science teacher. 

5. l-ven NSF institutes for the most part, tailed to 
work on this vital area of the curriculum and even 
perpetuated the gap between the junior higli and 
high school science instructor. 

6. Besides not being adequately prepared in their 
science area, (40 percent indicated this choice) 
science teachers at all levels are not prepared either 
cognitively or affectively to implement courses that 
are socially relevant, scientifically literate, or 
humanistic. 

Tlie present training of science teaching specialists 
has produced an abundance of teachers who know a lot 
about a very special area of science. These teachers^ are 
being employed by school districts whose administrators, 
in many cases, select specialists because that's what they 
are. Tliis is not to say that the teachers are at fault. 
Many have been encouraged lo enter a science area by 
former teachers and counselors, then when confronted 
with over 750 semester hours of science offered at a 
mediuin-si/ed University, opt for a specialization with a 
related minor. If the student is going to be proficient in 
his area he must of necessity neglect other subjects in 
the humanities which would give him the broad back- 
ground to leach towards scientific literacy. 



In tills respect* the teacher training and cortineatiuh 
inMitutions are itt fault tii requiring u certain minimum 
preparation in suhieet areas with a correspundhig lack of 
requirements in the humanities. Vm certainly glad to 
report that at one institution, the University of Wiscon- 
sin-Green Bay, a ctnirse entitled **The Conscience of the 
Scientist" is required for ail science students. Tills 
however is only a small beginning in the development of 
students who will be able to teach towards the goal of 
**Science for the 70*s." Unfortunately, we still require 
that all science teachers take the same specialised 
courses as those students working towards becoming 
researcliers, technok)gists, and engineers. Couldn*t we 
desittn courses which give the background information 
needed by secondary teachers or more specifically 
middle and junior high school teachers which also 
included work in technology, social issues, moral values, 
ethics, history, etc? How can we expect teachers, who 
have had to take the same courses as future scientists 
and engineers, and wlio have the backgrounds t\>und in 
my research, to develop in their students a feeling of 
social relevancy or appreciation for technr'ogy when 
they have never been exposed to it themselves- 

What can we do now to move towards the goal of 
scientific literacy whether we teach topically organized 
general science courses, integrated courses of our own 
design, or any other kind of science course? 

I believe that to achieve the goals envisioned for 
science education in the 70's we can no longer spend 
great amounts of time stressing knowledge for knowl- 
edge*s sake at any level of education. Tlie explosion of 
knowledge, over 300,000 words per day in science 
alone, makes accumulating masses of knowledge impos- 
sible, Tlie most important task will be to direct 
scientific knowledge toward the improvement of the lot 
of humanity. How can we develop a sense of apprecia- 
tion of science for today*s youth? I believe the first 
efforts should be made in organizing tn^ curriculum 
from within, crossing discipline lines not only in science 
itself but also in other departments as well. Why 
shouldn*t we teach social studies, English, history, math, 
and science together in the same way in which we live? 

It is fairly apparent that today's curriculum even at 
the junior high/middle school level, cultivates two 
groups of students. CP, Snow calls them the two 
cultures; George 0*Hearn calls them the "within 
science" and the "without science" groups. One group 
has a strong science interest but no great knowledge of 
the humanities; the other has a strong interest in 
humanities but little understanding of science. I believe 
we should leave the specialized training of scientists and 
technologists to the colleges, universities, and technical 
schools and move towards integrating unified ^general* 
science into the twelve years of general education. 

Today's science teachers need to be retrained to 
include the vital areas of scientific literacy. I am 
personally acquainted with a junior high science instruc- 
tor who is so specialiZiTd that he really belongs in a 
college job. Yet this same individual is supposed to make 
all areas of science interesting and relate science to 
humanism, social values, technology, problems of man, 
etc. This individual is very definitely influencing hun- 
dreds of students, many towards anti-science attitudes 
because what he is teaching is not relevant to their 
world. His overall goal seems to be the development of 
every single student into a miniature scientist. How he 
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was trained, I can understand. How he was certified is 
the fault of our present state certification procedures. 
How he was hirea is the classic story of the decision 
being made by administrators who have no background 
in science and are impressed by college grades out of 
proportion to their worth. Now, how do you improve 
his attitude or failing that, move him out of the 
classroom? He really belongs at a much hi^er level of 
education and is presently a frustr^ned junior high 
teacher waiting for something to open up. 

We must all ask ourselves what are the important 
points of humanism, and social values in science? How 
do we reach the great numbers of people in science 
teaching or planning to enter teaching? 

The immediate answer of how to provide meaning 
and humanism to dead and irrelevant science courses is 
inservice training, team*teaching, and new and up*dated 
courses for teacher training programs at our colleges and 
universities. More than any other program, inservice 
educaMon, if properly planned, would reach the greatest 
number in the least amount of time. The inservice 
training program I envision would be coritinuous, con* 
ducted by a committee made up of members from the 
various science disciplines and other subject areas, 
including members at ih elementary, junior higli, high 
school, and college levels. This would not only allow 
diversity, but would ensure a program that reached all 
levels. Tiie tradftional lectures, discussions, practice 
lessons, etc., are needed, but more important, work 
experiences in industry, business, and the professions 
should also be included. How much better attuned one 
becomes wh.m he actually experiences the areas in 
which the students he teaches are required to work. All 
educators may not agree, but I believe more education 
about people and life takes place outside the classroom 
than in them. Districts might need to pick up the 
expenses of these training sessions and even pay teachers 
to attend them. Tliis may sound absurd, but industry 
djes it all the time. Neither should this be a one-shot 
affair as is so common in education. Teachers siiould be 
required to attend compulsory inservice training from 
the day of their appointment to the day of retirement. 

Although there appears ♦i* be a rift in how social 
studies and science teachers *'2w each other, we must 
enct)urage team teaching in tu se two areas. We must 
also convince social problems teachers that more empha- 
sis needs to be placed on the role of science and 
technology with their attendant problems on the future 
of our citizens. A mere reference to the atomic bomb 
and the joblessness created by automation is not enough 
when these students will be called on in the near future 
to make intelligent decisions on how far we should 
proceed in space exploration and at what pace; are 
nuclear power plants safe; shall we ban the internal 
combustion engine from the cities; can we permit 
pollution to continue unchecked in this or any other 
country: when should we turn off the machine which is 
prolonging a life and who will pay for it; and a hundred 
other questions that are being created everyday. Team 
teaching witli social studies would give students the 
opportunities to learn about cultural and social ntplica- 
tions of the science they are learning. Some science 
teachers might ask why team with social science when 
wc can teach human values, human welfare, social and 
economic development, etc? Tlie truth is that teachers, 
regardless of what specialty, tend to be so tied up in 
their own little world that they can't see the forest for 



the trees. It is my suspicion, based on many observa* 
tions, that once that teacher enters his classroom and 
closes his door he is in his own world. And, more often 
than not the way in which he was trained is the way in 
which he teaches his course. 

Courses in science education must change at the 
college level as well if we are to change teacher 
attitudes. No longer can we be content to certify a four 
year graduate in the sciences after a course or two in 
teaching methods. I am not suggesting watered down 
college graduates for junior high science, but I am 
suggesting a more realistic, more relevant curriculum for 
this, the most ir portant stage of childhood develop* 
ment. We can no longer except a dissatisfled, frustrated, 
unqualified secondary teacher in junior high/middle 
school science classes. For those already in the schools, 
we must retrain them or remove them. For 
those in the education pipeline or coming up we must 
change their preparation now. No longer can we be 
content to certify a four year graduate in the sciences 
without a full background of humanities, and more time 
in the nature, philosophy, and history of science. A 
former president of NSTA said, **Another area of 
teacher preparation which concerns me at both the 
secondary and the elementary level is understanding of 
the history and philosophy of science. Few teachers 
entering the profession today have any background 
whatsoever in these most vital areas/' Programs of this 
type may take Ave or more years compared to the 
current four undergraduate years and will surely meet 
with resistance. Those teachers already practicing in the 
Held must also be continually upgraded in philosophy 
and subject matter. However, courses in subject matter 
fields will have to be changed if we expect experienced 
teachers to take the courses, for after a few years 
absence from the college campus, few teachers have the 
desire to pursue graduate level work in a new area or 
the background to start at the graduate level. 

In this complex world, a specific education may 
provide one with the tools needed to provide for himself 
and family quite adequately. But, the ethical education 
uhich helps men resolve the confusion which exists as 
we try to find ways by which incn can live together in 
their environment -this is the challenge which faces us 
today. We, as science educators must realise that: 'Mn 
teaching science we must not forget, that it is sirnulta- 
neously social study and creative art, a history of ideas, 
and a supreme product of aesthetic ingenuity.*' 

SESSION A-8 

INDIVIDUALIZED SCIENCE-LIKE IT IS 

Stewart P. Darrow, Research Associate, Intermediate 
Science Curriculum Study, Florida State University, 
Tallahassee 

In examining the continuum between mdividuat- 
izution and independence, there seems to be a j^reater ease 
of movement in one direction than the other. 
Observations on students seem to indicate that they can 
generally individualize quicker and more comfortably 
than they can move toward mdependence. For example, 
in a new senior high school program, when students are 
offered complete freedom as to the sequence of materials, 
they all opt to follow a traditional pattern, page by page 
and section by section. 
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Even when self*diagnosis mechanisms indicate that 
the ensuing matprial is known, students elect to plow 
through all of it anyway. At the same time, they are 
willing to woric individuauy on choosing the units and on 
setting the pace at which they will travel throu^ them. 
Only in self-evatuation (and the remediation that results 
from it) do students seem to achieve a greater degree of 
independence. 

A possible reason for this behavior is the traditional 
school pattern of teacher dominance. We have espoused 
the philosophy of "accept the student where you find 
him, • (individual differences) but we have insisted that 
only we can make the decisions as to the means of 
progress from there. Whether he works Individually or in a 
group, we will prescribe the pathway. 

The Individualized Teacher Preparation program 
(ITP) is complete, with the final modules now at the 
printers. Their usage in teacher-readiness programs has 
increased steadily. The so-called strategy modules seem to 
enjoy more popularity and greater use than the content 
modules. 

The Individualized Testing System (ITS) is also 
complete. It furnishes a means for student evaluation in 
which test items based on performance objectives can be 
assigned on a completely individual basis. It also provides 
for individualized remediation. 

The modular Level III program has always had the 
capabilities for independence and individualization to a 
greater extent than that found in the Levels I and II texts. 
The next logical step toward further individualization of 
the materials would seem to be the modularization of the 
first two levels. 

Work is progressing on the interdisciplinary, modular, 
senior high school science program called the Individual- 
ized Science Instructional System (ISIS). This program 
uses individualized diagnostic tests and individualized 
project work. Choice of modules (called minicourses) is 
completely free, but once the student has selected a 
minioourse, he or she is responsible for all of the core 
material. Excursions are graded and optional. Resource 
units are used in place of remedial excursions for students 
who need help on techniques or concepts that are 
common to two or more minicours^es. 



INDIVIDUALIZED SCIENCE-LIKE IT IS 

John F. Thompson, Principal, Flexible All-Year 
School, Research Learning Center, Clarion State 
College, Pennsylvania 

Issues 

1. To change science teaching, you must change the 
people doing it. 

2. To change the people doing it, they must want to 
change. 

3. For people to want to change, they must first know 
who they are and where they fit. 

4. With this view, a person can then make some choices. 

5. !f a teacher has not internalized **individualization" 
for himself, his success in "doing'' it to others is 
doubtful at best. 

6. Tlie techniques for individualizing are numerous and 
tested. 

7. We have the seeds and the kn<w-how to grow a 
sunfiowcr. Tlic question is whether wc want to grow 
it or not. 



N«w Developments 

1. Elementary Learning Center, Flexible AU-Year 
School. 

2. Using science in music, art, and guidance. 

3. Flexible Se(iondary science. 

4. Learning science by teaching. 

5. Who hid the science? 

6. Sunflowers-Who wants them? 



SESSION A-IO 

STRENGTHENING TEACHER CAPABILITIES FOR 
EDUCATIONAL INTEGRATION 

Jay Lemke, Assistant Professor of Education, 
Brooklyn College, City University of New York 

College professors scheme and dream, but it is the_ 
teacher in the school who bears the burden of our 
philosophising. Educational integration, the philosophy of 
a truly humane education, often means for the science 
teacher an upstream swim against the current of 
specialization. He is encumbered by the traditional school 
curriculum and far better prepared by his education to 
stick to his own subject and leave the integrating to 
someone else. If it is desirable that future generations 
learn science as an integral part of man's adventure on the 
earth, then ways must be found to strengthen teacher 
capabilities for integration. 

Science makes its proper contribution to humane 
education when we teach science in its total human 
context: as an activity of men living in history and 
society, searching for meaning in life and solutions to 
problems that threaten their dreams. Science is a mode of 
human expression capable of beauty and subtlety, of 
being personal while striving to be universal. As a human 
activity it poses moral dilemmas, has social consequences, 
and is not immune to ideology, faction, or politics. 
Science in its total human context has as close a 
connection with music, art, and poetry as with 
mathematics, technology, and engineering. It is no more 
distant from law than from medicine, and rather close at 
times to theology. 

Those who accept this vision of the role of science in 
man*s life and thought, and who believe that it is only 
when science is taught at all levels in its total human 
context that students will genuinely understand it and be 
able to judge it intelligently, should also bear responsi- 
bility for preparing science teachers for such a task. 
Definite and specific proposals are needed, now, for 
providing teachers with the intellectual base, the teaching 
techniques, and the public and professional support they 
will need for the job. In each of tliose three areas, the 
philosophy of educational integration itself suggests the 
kinds of assistance the science teacher will nofd. 

For most science teachers college science courses 
provide the only intellectual base for their science 
teaching. Tliose courses did not evolve to meet the needs 
of teachers or generalists; their internal logic, rationale, 
and ultimate justification arc based on the needs of future 
science specialists. Such courses emphasi/e prohleni 
solving techniques at the expense of deeper analysis of the 
origin, function, and limitations of general concepts. Iliey 
anticipate tiie needs of students who will use parts of thoir 
content as elements in a further specialiAition, not 
students who seek to establisli the relationship of that 
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content to still broader areas of human life and 
understanding. Our graduates can calculate the efficiency 
of heat engines, but not describe tlie limitations of the 
second law of thermodynamics; they can recite the stages 
of mitosis, but not discuss the possible evolutionary origin 
of the celPs capacity to divide. And if we should ask them 
how thermodynamics can help us make sense of the 
tendency of living organisms to remain stable in a 
changing environment, or to explain the seeming paradox 
of increasing order in living systems against the trend to 
disorder in nonliving systems, we would be lucky if they 
could understand the questions! 

To venture outside the narrowest definitions of 
science: How well do we prepare them to teach science 
with regard for its social implications? What contribution 
could they make to discussions of technology and the 
environment, national energy policy, or the development 
of music and the visual arts in the twentieth century? 
How would they fare in helping students arrive at 
positions on such controversies as: the neo*creationist 
critique of evolution, the evidence for and against ESP 
and other aspects of parapsychology? 

In examples such as these, the question for science 
education should not be: What does all this have to do 
with science? but: What does science have to say about all 
of this? How can we help provide science teachers with 
the intellectual base needed to teach science in its total 
human context? Traditional specialist science teaching at 
the college level will continue, in the immediate future at 
least, to dominate all learning in science. We must 
discover, then, how to build upon existing courses* how to 
help the teacher transform the content to meet his own 
needs. 

First, we can try to meet the need for a "critical 
second look" by the teacher at the science content itself. 
We can provide retrospective seminar courses for the 
teacher which turn back to the great intellectual principles 
of their conventional science courses, to highlight them, 
to foster critical examination of their foundations and 
broad implications, to do what the first science courses 
never have the time to do and the students insufficient 
motivations and intellectual maturity for. The only way 
past superficiality in understanding is to set time aside for 
selective, critical, reflective discussion of basic principles. 

Second, we can try to broaden the science 
generalist's intellectual base to include elements needed to 
see and articulate relationships between science and other 
disciplines. Wc can provide the science teacher with 
courses that focus on widely applicable strategies for 
integration and synthesis. The methods of systems 
analysis, the techniques of structuralism and cybernetics, 
the concepts of symmetry, order, equilibrium, evolution, 
stabili:/, and the many other tools of the generalist, can 
be made real and immediate for the science teacher in 
genuinely interdisciplinary courses that bridge between 
science and the problems of man in society, between 
science and the questions of value and meaning posed in 
the traditional humanities. 

These courses must be required; they are part of the 
professional preparation of the science teacher. They can 
be developed in both n-eservice and inservice forms, in 
both baccalaureate '^nd masters degree programs, 
available to teachers as p rt of their continuing education. 
Their importance should be reflected in policy on teacher 
certification under stat ? and local codes. We must insist, 
not on science credits, nU on science understanding from 



our teachers, and not on science understood in isolation, 
but understood in its total human context. 

Science teachers must not only understand, they 
must be able to communicate, to transfer understandings 
and stimulate student inquiry. How can we provide them 
with this second of our three components; the teaching 
techniques they need? 

If there is truth in the old saw: You teach as you 
have been taught, then the two proposals for supplement* 
ing the teacher's own science education will already have 
begun to provide, by example, part of the needed teaching 
techniques. The nature of educational integration, 
however, suggests two further proposals, ones whose 
implementation belongs traditionally in the domain of the 
schools and departments of education. Teacher training 
and teacher certification are presently moving toward an 
ideal which requires that educational theory, so long 
useless to so many classroom teachers, be taught 
predomhiantly in the context of experience and 
participation directly in the elementary and secondary 
schools. It is in this context that these next two proposals 
are offered. 

The first is a call for increased emphasis in the ' 
preparation of science teachers, both at the preservice and 
inservice levels, and again this can be done in both 
baccalaureate and master's degree programs, on the 
techniques of team teaching. The full burden of teaching 
science, or any other subject, in its total human context is 
too large for the single teacher. Increasingly, as trends in 
cirriculum move ^oward an education at all levels that is 
moie relevant to the specific needs of our contemporary 
society and its problems, the science teacher will find 
himself a member of an instructional team, bringing his 
own background and the special insists of his discipline 
to bear on questions that require an interdisciplinary 
perspective. We can help the teacher learn how to 
participate effectively in the more complex pattern of 
interactions that occurs when two or more teachers must 
co-operate. We can help meet the need to learn how to 
follow as well as to lead as a teacher, to pass a student's 
question to a colleague or receive one referred, to open up 
room for disagreement within which students can explore 
alternative positions on issues, and to criticize a thesis 
outside our area of expertise and be responsive to 
criticism in turn from those outside our own. Indeed 
learning to teach science as part of an interdisciplinary 
team may become a contribution of science to the total 
curriculum as re-evaluated by students, parents, and 
educators. 

A new teacher, for example, should not carry a full 
teaching load in his first year, but should devote part of 
his efforts to mastering the curriculum and finding his and 
his subject's place in it. That first year can be the capstone 
of a liberal education for the teacher who learns to listen 
to his more experienced colleagues, not just in the 
sciences, but in the other subject areas with which science 
is to be integrated. 

The second proposal calls for an emphasis on 
problem-oriented science teaching, not teaching problem- 
solving methods for idealized problem types, but teaching 
science in the context of non-idealized, real-world 
problems. The field trip to park, beach, or nature 
preserve; to power station, refinery, or computer center, is 
never an idealized exercise in one subject for the student. 
The conventional separation of subjects and disciplines is 
less easily maintained in the face of what is for the 
student a unitary experience. We can help the teacher 
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make the full experience a learning experience, richer for 
the integration of disciplines by emphasizing techniques 
for real-world teaching. The restriction of education to 
the largely artificial and frequently sterile environment of 
even the best-equipped classroom has led to such 
paradoxes as the poor quality of education at school 
situated in the heart of urban agglomerations of learning 
resources. The bus is mightier than the textbook, but less 
emphasized as a teaching tool. Extra-mural education 
enforces on the aware teacher the need to integrate and 
help his students multiply the meanings of their 
experiences. The special teaching techniques must Include 
in*ciass discussion of science's part in real-world under- 
standing and problem-solving. 

Up to this point we have considered proposals to 
provide the science teacher with the intellectual base and 
with the teaching techniques needed for educational 
integration. The science teacher needs, no less than these, 
active public and professional support. Science teachers 
are men and women enmeshed in a total society and in 
the enormous social organization we call our educational 
system. They are members of two professions: science and 
education, with duties and allegiances to both in varying 
individual proportions. These professions define for the 
public and for the teacher the prestige and status allotted 
to every activity within their scope, they are the arbiters 
of legitimacy, and they are, like all social embodiments of 
convention, archly conservative. 

The science profession has sanctified specialization in 
the public mind and labeled the teacher and the generalist 
unprofessional as scientists. The education profession has 
also lionized the specialist and legitimized a hierarchy of 
authority that makes it encumbent upon the professor to 
tell the elementary school teacher what and how to teach, 
but unthinkable that the reverse should happen. We 
cannot expect qualified individuals to choose careers as 
science teachers at all levels and academic educations as 
science generalists, unless the science and education 
professions provide the needed support. Meaningful public 
and professional support for educational integration 
requires radical changes in custom, convention, and 
attitude. 

First, there is need for academic recognition of the 
legitimate value of advanced generalist education. TTie 
glory of specialization in the public mind is inextricably 
linked with the prestige of the PhD. This certification of 
the specialist confers an authority out of all proportion to 
the effort required. We have made no provision, however, 
for a corresponding degree for the generalist, of equal 
prestige and, inevitably, inflated authority, as a 
counterweight to the voice of the specialist in our society. 
In recent years, as the failure of the specialists and of 
specialist training in areas that belong properly to the 
generalist, notably in teaching and in advisement on 
public policy, has become more apparent, the proposal 
has been advanced in various quarters for what will 
probably be known as the Doctor of Arts degree. Its 
Doctors will be trained in research, authors of scholarly 
publications, broadly learned with in-depth knowledge of 
several specific areas, but prepared to serve society and 
the profession as the specialist is not: by synthesizing and 
integrating, by planning and designing on a scale that 
requires an overview of many specialties. They will be our 
teachers and critics, watchers for the increasingly frequent 
danger signs that appear in a complex society where 
specialists produce effects whose consequences rapidly 
spread outside their areas of expertise. 
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The argument that a PnD's training Is not well 
utilized In the elementary school would not be valid for 
the Doctor of Arts' training and abilities. The 
establishment of a Doctor of Arts degree would create the 
academic context for professional acceptance of and 
public support for educational Integration and the 
science-generallst as teacher. The science teacher may not 
need a Doctor of Arts degree to teach science In its total 
human context, but he may well need the help, 
encouragement, and support of colleagues who do hold 
such a degree to do it well, with conviction, and with 
public support. 

The second proposal calls specifically for the 
education profession to move in each of the states toward 
general teacher certification. TTils proposal will seem 
radical exactly in proportion to one's faith In the doctrine 
of specialization. General teacher certification calls for 
teachers to be certified without discrimination as to grade 
level or subject. This policy has been a workable system in 
effect for several years In the province of Ontario in 
Canada, Such a system can encourage the public to view 
teachers, and teachers to view themselves as concerned 
with students and with Instruction rather than with ages 
or subjects. A man or woman is a teacher first, and 
secondarily one who knows quite a bit about science, or 
who may be trained to work with very young or with 
handicapped students. This policy, insofar as it militates 
against the kind of "biology teacher" who thinks that he 
can be an excellent teacher knowing nothing but biology 
or against the "elementary school teacher" who thinks he 
doesn't need to| understand science as well as the 
"secondary school teacher" does, is strong professional 
support for educational integration. 

There in brief, are six specific proposals to help 
provide the intellectual base, the teaching techniques, and 
the public and professional support needed to teach 
science in its total human context. They are all based o, 
the assumption that we can reduce obstacles to 
humanistic education by strengthening a science teacher's 
capabilities for integration. There is a very good 
laboratory for testing that assumption and it is as close as 
ourselves. 



SESSION A-12 

INNOVATIONS IN COLLEGE BIOLOGY 

DOUBLETHINK IN BIOLOGICAL EDUCATION 

Donald D. Cox, Professor of Biology, State 
University College of New York, Oswego 

In George Orwell's world of big brother the concept 
of "doublethink" referred to the ability to hold two 
contradictory beliefs in one's mind simultaneously, and 
accept both of them. [6] The party member in this 
scenario was exposed, from early childhood, to mental 
training based on this concept, so that by the time he 
assumed his role in the party, he, understandably, was 
unable and unwilling to think too deeply on any subject 
whatever. To make this system work, the slogan of the 
day was uniformity; uniformity in dress, speech, and most 
important, uniformity of thought. The most serious crime 
against the state was thouglttcrime. The crime of not 
thinking along the lines approved by the state. 



When I received an invitation to participate in this 
conference with the theme " 1984*10 and counting** I did 
some thinking and came to the conclusion that perhaps 
we are closer to 1984 than we would like to admit. To 
preface my remarks I would like to point out that 
problems in biological education mnot be considered in 
a vacuum, hut rather must be placed in context with the 
whole educational endeavor and with the larger society 
that supports it. However, this in no way reduces the 
responsibility of biological educators to seek solutions to 
these problems. 

To get back to the concept of doublethink, let us 
first examine some of the fond hopes we like to express 
for the behavior of our students, and then compare them 
with the methods we are using to evoke these behaviors. 
Hi^ on the list of expectations is the hope that we will 
develop in them the ability to think independently- 
intellectual autonomy. This goal has been stated in various 
ways: for example, to develop the ability to think 
critically, to develop intellectual honesty, to develop an 
inquiring mind, or to develop the ability for self 
education. 

Let us look, now, at the methods we use to develop 
intellectual autonomy in students, and let us begin with 
the curriculum. There is a phenomenon in biological 
education known as the core curriculum. This usually 
takes the form of a collection of courses which are 
required of all biology majors. The core curriculum was 
defined in CUEBS Publication No. 18 (1967) as . . that 
body of knowledge essential for all students of Biology." 
This statement is so omnipotent that one hesitates to mess 
around with it, but let*s do it anyway. 

It is not unusual to And biology programs in which 
students can exercise freedom of choice in only one or 
two courses, and in some instances the whole 
undergraduate program is prescribed and required. The 
usual rationale is that students are incapable of planning 
programs that will best fit their needs. (Actually, most 
core curricula are designed to prepare the student for 
graduate school). In the absence of competent counseling 
this may, in fact, be the case, but this whole issue raises a 
very basic question: "What is school for?" The prime 
function of school is to prepare students for the future. If 
it does not, one must question the whole idea of school. A 
required curriculum thus suggests that the faculty can 
foretell the future better than the student. A census of the 
number of PhD's pumping gas, (or trying to find some gas 
to pump) suggests that our batting average at foretelling 
the future is not all that could be desired. 

What are the consequences of abolishing the core 
curiiculum? At worst, the student may make mistakes in 
judgement which he will have to learn to live with. 
However, this is an improvement on having to learn to live 
with someone else's (the faculty's) mistakes. Besides, my 
personal experiences indicate that learning to live with 
one's mistakes is highly educational. On the other side of 
the question, however, and most importantly, a rigid 
required curricular structure stifles intellectual autonomy 
by submerging the individual, forcing all students into a 
common mold and introducing an assembly line effect to 
biological educatiim. It appears, then, that our practice of 
requiring a curriculum is incompatible with our goal of 
developing intellectual autonomy. 

Next, let us examine the teaching methodology that 
we are using to develop intellectual autonomy in students. 
The almost universal method of presenting undergraduate 
biology in this country is in the lecture-laboratory format. 



The main function of the lecture is to transmit 
information and that of the laboratory to Illustrate the 
subject matter presented in the lecture. The laboratory 
experiences usually consist of prefabricated exercises with 
standardized procedures and predetermined outcomes. 

Lecturing as a means of transmitting information 
became obsolete with the invention of the printing press 
in the fifteenth century. In comparison with the books, 
journals, films, computers, and teaching machines 
available today it is a very inefficient way to transmit 
information. In addition, a major side effect to lecturing is 
that it deprives the student of virtually all responsibility 
for using his own mentality to weigh, compare, and decide 
what is important for him to learn. Therefore, if one of 
the aims of biological education is to develop intellectual 
autonomy, then students must be given an opportunity to 
exercise intellectual autonomy. 

It may be that you, as I, have experienced difficulty 
in trying to get students to exercise intellectual 
autonomy. I teach a course in general ecology for biology 
majors that is presented as a series of self instructional 
modules. Each module has clearly stated instructional 
objectives. Early in the present semester a student 
complained to me that she did not know what was 
expected of her in the course. After explaining to her that 
I had stated as explicitly as I could, and in writing, what 
was expected of her, she admitted that she was 
accustomed to having the teacher tell her the important 
things to learn. She dropped the course. 

This is what I referred to earlier when I stated that 
many of the problems of biological education must be 
shared with the whole educational establishment. Do you 
know that there are public schools that administer drugs 
to "hyperactive" children, to calm them down so that, 
among other things, they will listen to the teacher? 
Stephen Chorover [11, who is professor of psychology 
and brain science at MIT states "I doubt that anyone 
really knows how many American children are being 
treated with daily doses of stimulants. One practitioner 
who uses them estimates that the number exceeds 
250,000 nationwide.'* Chorover further states that, "We 
are laying the groundwork in childhood for the 
psychotechnological control of adults. . . As the tools 
grow more powerful, the prospects are vanishing for 
saving our children and for saving ourselves from this 
dehumanizing chemical and biological welfare." 

Pm quite sure the young lady I referred to earlier was 
not a victim of drug abuse in the public schools. She has 
become addicted to the teacher through normal classroom 
practices. I don't even like to think about a college 
population that has been preconditioned to intellectual 
passivity by drugs, h has been my personal experience 
that a ^reat many, perhaps most, college students are 
already y addicted to, and are over-dependent on the 
teacher. Compare this situation to our goal of developing 
intellectual autonomy. It seems to me a clear cut case of 
doublethink. 

Now, let's look at traditional laboratory instruction. 
The fact that in many biology courses the lecture and the 
laboratory are scheduled as separate entities suggests that 
there are aspects of biology that cannot be pursued in the 
lecture. Chief among these are ilie processes by which 
biological information is generated. Prefabricated labora- 
tory exercises in which the student follows a set of 
detailed directions to arrive at the **right'' answer do little 
to enhance his understanding of these processes. Striving 
for predetermined **right'' answers brainwashes the 
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student into a false concept of the way biological 
information is derived, because we all know there are no 
"right" answers, but only varying degrees of probability. 
Furthermore, this technique has the effect of standard- 
izing and depersonalizing the laboratory experience so 
that all students are performing uniform tasks in the same 
ways and*at the same rates. 

Unfortunately, it seems that fc\y. biologists have 
addressed themselves to such basic questions as "what 
constitutes a valid laboratory experience?'* and **what is 
the optimal laboratory experience for a given course?** In 
practice there seems to be a form of **Parkinson*s Law** 
operating to the effect that the number of laboratory 
exercises performed by students increases in direct 
proportion to the number of laboratory periods available. 
The prevailing assumption seems to be that a prescribed 
number of hours in the laboratory results in an equal 
learning experience for all students. In reality, an intensive 
two- or three-week period of investigation h a better 
learning experience for some students than a full semester 
of "official answer" exercises. The point is that learning is 
an individual process and cannot be treated with assembly 
line, mass production techniques. When it is so treated the 
student's individuality is submerged and he- is reduced to 
jumping through academic hoops. 

Conventionally taught biology courses are typically 
instructor-centered in the sense that they provide the 
student with little opportunity for self-initiated and 
self-directed study, McKeachie [5] has cited research 
reports which indicate that learning is strongly influenced 
by teaching methodology. These reports show that for the 
achievement of more complex educational outcomes such 
as long term retention, critical thinking, changes in 
attitude and motivation, all of which are part of 
intellectual autonomy, student-centered teaching method- 
ologies are superior to instructor-centered ones. Thus the 
lecture-laboratory format as traditionally used is antithet- 
ical to the goal of developing intellectual autonomy. 

Another practice which biological education shares 
with the whole educational establishment, and which I 
think is contradictory to the development of intellectual 
autonomy, is the practice of giving letter grades. I have 
heard grades defended on the basis that they give us a 
measure of academic achievement. But this is circular 
reasoning because academic achievement has no independ- 
ent meaning: it is defined in terms of grade point averages. 
In practice each instructor has his own interpretation of 
academic achievement for each course he teaches. In the 
grading process he may evaluate student performance on a 
variety of activities, e,g„ oral and written expression, 
laboratory performance, class attendance and other 
activities he considers relevant. These are then all 
sumnuri/ed on a single scale and issued as a letter grade. 
The grade, however, gives no information about the 
cvaluati )n that lead to it, and the information it does 
transmi. is diftlcult or impressible to interpret. 

Grade point averages have been used for such varied 
purposes as admission to graduate and professional 
schools, scholarship awards, determination of draft status, 
eligibility for veterans' benefits, eligibility .or extracurric- 
ular activities and as qualifications for cniploynient. It 
seems absurd to me to even suggest that each of these 
purposes requires the same kind of information. That they 
are so used suggests that grades mean everything to 
everyone. One is tempted, therefore, to accept the 
corollary to this, i.e.. that they therefore mean nothing. 
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because **When no meaning is conveyed variation in 
meaning cannot be observed.** (101 

When instructors are required to turn in grades 
ranking the relative accomplishments of students within 
the time limits of a college term, they commonly, 
arbitrarily, choose a body of information that they think 
will fit the time period. The information and learning 
activities are then organized so that grades can be 
determined in the simplest way. In order to get a better 
comparative measure this often means that all students do 
the same things in the same ways and at the same times. 
Thus, individual interests of students and individual rates 
of learning become secondary to the bureaucracy of 
grading. The result is that getting grades rather than 
learning becomes the reason for taking courses. 

Ironically, there is evidence that giving grades has a 
negative influence on the learning process. Psychologist 
Edward Desi [3] reported on experiments which showed 
that when students were either rewarded (as with an "A'*) 
or punished (as with a "D** or "E*') in a learning situation, 
they showed less interest in the learning task after it was 
completed than did students who performed the task for 
their own satisfaction, when no reward or punishment was 
involved. 

Grades have become so firmly established in 
American education during the past fifty years that both 
students and teachers have developed a great dependency 
on them. We persist in identifying our best with "As"* and 
**Bs" on the assumption that they will become the leaders 
of our society. Unfortunately, this does not appear to be 
the case. The Newman Repi)rt (1971) indicates that a 
number of studies covering students trained in business, 
school teaching, engineering, medicine and scientific 
research have found almost no correlation between 
course grades of students in these nelds and their 
on-the-job performance. 

I would like to emphasize the distinction between 
grading and evaluation. One of the essential functions of 
school, as an institution, is evaluation. [8j In the absence 
of evaluation, by definition, you do not have a school. In 
much the same way, without guards, by definition, you 
do not have a prison as an institution. Faculty evaluation 
of student performance, however, can he accomplished 
without recourse to any system of gradi-ig. In fact, as we 
adopt more open curricula in which the emphasis is on 
self-initiated learning, evaluations of learning situations 
are likely to include summary sf.tements about the 
student*s progress and performance along with samples of 
his work. Tliis is, by no means, a new and revolutionary 
idea. Unless the school has modif .ed its philosophy in the 
past two years, the transcript of ?tudents graduating from 
Evergreen State College in Oljnipia, Washington, will 
consist of a .12-page booklet: a much more meaningful 
record than a symbolic one ct nsisting of letter grades. 
Some instructors may give b-ief and uninformative 
evaluations, but it is hard to imagine an evaluation 
summary more brief and uiiinforn ative than an "A'\ '*IV\ 
or "C". Tlie practice, then, of gi Ing letter grades, while 
holding on to the goal of I'ovcloping intellectual 
autonomy in students, is another classic example of 
doublethink in biological education. 

Curricular structure, traditituial use of tl^^leclure- 
-laboratory format, ami grading, arc nothing more than 
conventions used by biology departments and schools to 
achieve their goals. Conventions can be cluingcd without 
destroying tlie basic functions of these entities, i m not 
willing to go as tar as Ivan Illich (41 who proposed the 



elimination of schools In favor of Informal learning 
centers, because I think this is unrealistic. That 
conventions can change is illustrated by Evergreen State 
College, Governors State University, Hampshire College, 
and State University of New York at Purchase, Whether or 
not the existing establishment can change its conventions 
is a moot question. It will not be easy. However, one sure 
way to avoid the world of "big brother'' is through a 
citizenry of autonomous thinkers. If biology departments 
and schools have the slightest commitment to the future, I 
think it Is imperative that they change some of their 
conventions and avoid the anomaly of doublethink. 
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SESSION A-14 

THE ROLE OF THE SPECIAL SCIENCE TEACHER IN 
IMPLEMENTING THE NEW BALTIMORE COUNTY 
SCIENCE PROGRAM 

Kenneth R. Lawton. Jr., K-6 Special Science 
Teacher. Battle Grove Elementary School, Balti- 
more County Schools, Maryland 

As a special science teacher 1 help implement the 
new science program in my school, and more recently, 
assist neighboring schools with their programs. My 
respiMisibilities encompass the actual teaching of science 
and the preparation of materials for myself and other 
teachers. 

The new science program has brought with it an 
avalanche of science material which has to be ordered, 
received, stored, and organi/ed. distributed when the 
classroom teacher needs it. and finally inventoried at the 
end of the school year. In scliools without a special 
science teacher, these jobs are usually handled by the 



Administrative Assistant, a faculty science committee, or 
by selected faculty. These tasks can be very time- 
consuming and tedious if the system of organization and 
distribution of the material is ineffective and confusing. 
Just recently I met with science representatives from 
neighboring elementary schools to assist them in orga- 
nizing their science material as efficiently as possible. We 
established a system of equipment exchange between 
schools so that no school has to drop a unit or an 
activity because of lack of equipment. 

The manipulation of science material is really 
secondary to the actual teaching and learning of science. 
During the first week of school each year, I meet with 
the classroom teachers from each grade level to do 
several things. First, to establish a science schedule; to 
determine when and what units will be taught during 
the school year, so as to eliminate the simultaneous use 
of limited science supplies and to co-ordinate the science 
program with the social living program. Second, it 
gives me a chance to familiarize new teachers with the 
organization and- distribution system of science material 
and reacquaint returning teachers with this procedure. 
Third, I can introduce and familiarize teachers with any 
new units or materials which have been received at their 
grade Ivel, 

When we establish a science schedule, we determitie 
what my teaching responsibilities will be during the 
school year. Of the five or six science units written for 
each grade level, I will teach two to each classroom. The 
choice of the units I teach is at the discretion of the 
classroom teacher, with the understanding that the 
teacher will teach two to four of the remaining units 
herself. Usually the classroom teacher will ask me to 
teach new units, with which she is unfamiliar, or units 
that she, for various reasons, feels uncomfortable with. 
When I teach lessons from the science units, the 
classroom teacher remains in the room and observes, 
assists, and generally acquaints heiself with the pro- 
cedures, concepts, and materials of the science activities. 

During and following the activities, we discuss the 
methods and materials being used, and if she or I aren't 
satisfied with the procedures or the results, I offer ways 
to modify the activity and suggest extensions and 
alternatives from other programs, including AAAS, liSS, 
SCOPE, etc., or from any other source at my disposal, 
provided that the modification or alternative meets the 
needs of the teacher and the children. By teaching two 
units in the classroom, my primary responsibility is to 
demonstrate to the teachers, some of whom may be 
unsure of themselves because of scanty science back- 
grounds, or because of the diversity and quantity of 
science material, that the science program in Baltimore 
County is not difficult to teach; that it can be enjoyable 
and rewarding for children and teacher. 

From time to time, a teacher may desire a special 
demonstration lesson to kick-off or culminate a unit, or 
on a subject which is not necessarily part of the formal 
science curriculum. I try to make myself avaihible to 
assist, gather materials, or actually teach the lesson. 

When Pm not teaching or helping teachers with 
science problems, 1 spend a good deal of time preparing 
science materials for the other teachers who normally 
lack time to prepare for themselves. A crew of student 
science aids helps me prepare and distribute the science 
material. 

Since field trips often serve as valuable supplements 
to the formal science program, 1 also offer suggestions 
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and help in their planning, and if my schedule permits, I 
enjoy going on them. Our county also has established a 
program of intervisitations between our secondary and 
elementary sch )ols. If an activity from the elementary 
curriculum re» tes to S4 niething similar being done or 
capable of ocmg done m a secondary science lab, the 
elementary teacher can plan to take her class to that 
school, usually in the same vicinity, to observe or work 
with the secondary teachers and students. Secondary 
teachers and students are also invited to visit the 
elementary schools to assist or just become familiar with 
what*s happening in elementary science. It is one of my 
responsibilities to co-ordinate these intervisitations and 
keep an ear to the ground on what's happening in the 
secondary schools. 

Some of my other responsibilities include ordering 
and picking-up any live specimens needed by the 
teachers from the resource centers in the high schools. I 
also try to keep the classroom teachers informed of any 
inservice or regular college science courses which may 
interest them or help them in their present teaching 
situations. One of my current projects is trying to 
establish special interest groups, such as a Rocketry 
Club, Geology Club, etc. for children with a curiosity or 
interest in these areas. 

Not all special science teachers in our county 
follow the same procedures and patterns. Tliey function, 
as I do, according to the needs and wants, as they 
perceive them, of their teachers and children. 

An example of the variations in teaching patterns 
among special scienc^e teachers is the rather unique 
**Explorer'' program of Gil Smith, special science teacher 
at Villa Cresta Elementary School, Gil devotes his entire 
afternoon to investigation sessions with individuals and 
small groups of students, in contrast to the familiar 
procedure of teaching entire classrooms. He breaks his 
afternoons down into IS-20-minute time blocks. Be- 
tween one to six children may sign up for a time block, 
or several time blocks if needed, through their home- 
room teachers. When these children meet with Gil in his 
science room, which is well-supplied with equipment and 
a mini-science library, they can "explore/' with GiPs 
assistance, any science problem or topic that they wish. 
Tlie science topics his students usually choose to 
investigate arc closely related to the curricular science 
program, but may also include topics of scientific 
interest outside of the program. Besides assisting teach- 
ers and running his "Explorer" program, Gil also 
maintains a live-specimem center which supplies county 
schools with mealworms. Bessie-Beetles, and daphnia. 

Two of the other special science teachers in our 
county, Doris Ensminger and Amy Behan, are involved 
in rewriting and adapting activities from selected science 
units so that these activities can be done by individual 
students at their own rate of speed, accordmg to their 
own capabilities. 

I think it is safe to say that while the interpreta- 
tions of needs and methods of teaching may vary among 
special science teachers, we all agree that our main 
function is to promote tlie teaching and learning of 
science in any way possible in our schools and commu- 
nities. 



SESSION B-1 

THE SECONDARY SCHOOL-COLLEGE INTERFACE 

SCIENCE AND FUTURE SHOCK 

Robert E, Cook, Associate Professor of Biology and 
Education, Southeast Missouri State University, Cape 
Girardeau 

Back in the summer of 1973 when I was first invited 
to address this group on the topic of secondary 
school-college science interface, I would have said in 
answer to the main question. , , "Yes, many; in fact, too 
many college freshmen courses are a repeat of what the 
student has had in liigh school," Furthermore, I would 
have, with all the arrogance I could muster, decried this 
repetition as a sinful waste of precious educational time. 

Now before I go on, it is necessary to explain the 
setting for the formulation of such a statement. For the 
past seven years I have been in Southeast Missouri trying, 
with very little success, to move a few teachers away from 
rote memorization toward ahi^dier plane of teaching. The 
stock answer from our majority of the teachers is of 
course, "We're doing all right; **X" number of our 
students went to college and got high marks in biology, 
chemistry, or physics," or "John went to engineering 
school and did all right, so why change?" Another 
common answer is, "We're pleased with our system, most 
of our teachers are graduates of this school and after four 
years away still want to return to the good life," 

It would not make any difference to these teachers 
what was taught at the college, they would spend the class 
time allotted, priming their students with facts so that the 
student will be able to take freshman chemistry or biology 
and obtain his or her **A*' for the course. 

With this in mind, one should look at the classes 
being taught at college, aside from tiie traditional. Pin 
sure you can cite college biology classes that are not blood 
and guts type courses. We have one where I am employed 
which we call Life Science. It is taught by several 
individuals whose main concern is social and political 
change or upheaval. I'm sure we can find higfi school 
classes geared along these same lines. I seriously question 
whether we should call these classes biology. Students 
(nonmajors) moving from such a class into pliysiology can 
express their feelings about abortion, premarital sex, the 
occurrence of VD among teenagers, etc., but know 
nothing about cell anatomy or physiology. Pm not sure 
they even understand ecology, pollution, or wast'^. They 
go out collecting glass bottles from roadside parks or 
rightaways and then waste gallons of hot water cleaning 
them for the recycling centers. There are also minicourses, 
A-T courses, open classrooms, field classes, etc., all of 
which have counterparts at the high school level. Most of 
which start with the cell and go to organisms or start with 
the organism and go to the cell. 

The bulk of the introductory college classes have still 
not changed their basic leaching techniques of lecture, 
memorize, and regurgitate. Laboratories function in tmi 
capacities; (a) to verify principles presented in lecture and 
(b) to add additional material which because of time 
cannot be presented in lectures. 

Now there arc some of yoi* who are thinking "Wliat 
about all those inquiry courses that h,ive been devel- 
oped since 1957? Aren^t these difTcrent from tl C(»llege 
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cluss just described?'' Well, PSSC is, for all practical 
purposes, a bad 'Tout'* letter word, and Harvard 
Project Physics is only whispered about outside of college 
methods classes. As for BSCS, its Green Version is tau^t 
as one might expect to see any 19S0 blood and guts 
biology taught. I'm talking about the majority of teachers, 
not the minority. However, for all the merits of the BSCS 
and CHEMS materials, students don't want to think if 
they have to explain their ideas based on concrete 
evidence. The answer to such questions as **Why did you 
use this?" or **Why did you do that?" is **Because the 
book said I should." It is not uncommon for students to 
comment "Why don't you tell me, you know the answer." 
These types of responses infuriate me. In other classes 
students are taught that creativity and emotions are one 
and the same. They are encouraged to express themselves 
regardless of how weak their arguments are. 

Recently I was again jolted back into reality on the 
topic of "Scientism." For those of you unfamiliar with the 
word, it was used by Eastman to describe the mistaken 
idea that science can solve all the problems of society. Can 
you imagine, fifteen years after the birth of BSCS and 
PSSC and we still have students with this idea? This was a 
straight "A" high school student, but these ideas are still 
prevalent, unintentionally of course, in our college classes. 
We present such diverse problems as digestion and enzyme 
activity or transport of materials in plants and then 
immediately tell the student what to do to get his answer. 
Furthermore, at both levels we have students cut up dead 
frogs, crayfish, or cats so that they will have a greater 
appreciation of living things. About the only real 
appreciation they have is for the pungent smell of the 
preservative. Students still walk out of our classes thinking 
of biology in terms of dissection and vocabulary lists. 

In answer to the first question presented to this 
panel, **Yes, under many disquises, high school and 
college classes are repetitious and I still feel it is a waste of 
education time." 

Now to examine the second problem posed. What are 
the major barriers to changing this situation, if indeed 
change is necessary, and I believe it is necessary. Hie first 
to come to mind is the failure of college professors to 
admit to themselves that higli school teachers can and do 
practice some good teaching. Vm aware of the CLEP's test 
and Advanced Placement test which can be used by 
colleges. I'm also aware of professors that would place the 
standards so high that only the very gifted could pass. Tm 
also aware of the argument put forth to the effect 
repetition is the basis for learning. But Vm really not all 
that concerned with the college classes: these kids come to 
college with the idea in their minds to learn only enough 
to pass the course tests and then move on to the next 
class, especially if the class they are taking is a required 
service course. 

Pm alsi^ not all tliat concerned about the classes for 
majors. These students will also do what is required of 
them in order to obtain the desired grade. Tliey know 
they must play the professor's game and as long as the 
rules are laid down and adhered to the students will 
accept them. Obviously, I really don't expect the format 
of college classes to change. 

Tlie change, I would hope, would come from the 
secondary schools. We now have a situation where a 
liberal arts degree is not to be prized by everyone. More 
NtudfMils are going on to technical schools. In addition to 
the students that choose ni)t to go on to college, there is a 
percentage, much to the dismay of college presidents, that 



start college and drop out. Tliese people will need science 
courses that will support the para*professions of their 
choice. 

How are these changes going to come about? What is 
it going to take to get the secondary teachers to meet the 
needs of the students? Not so long ago I attended a 
seminar on the preparation of teachers. When the 
fourteen*carat scientist from the panel finished with his 
blurb, the session was opened for comments from the 
fioor. Almost to a person the science teachers wanted the 
colleges to offer more courses in the science disciplines 
but did not want to take any courses in the academic field 
of education. Yet they had the gall to say they wanted to 
take science courses that would show them how to meet 
the diverse needs of their students. Maybe you have had a 
science course which taught you how to look after the 
diverse needs of students. I spent fourteen years getting 
my doctorate and have taught in colleges for twelve years. 
I have attended colleges in the midwest and west coast 
and have talked to others about this problem. They agree 
that such courses are not in their experience. What these 
people need to do is stop teaching science and start 
teaching individual students. I know this sounds like a 
cliche but just stop and think how often you say "I teach 
biology, or physics," and think in terms of subject matter. 
Teachers will insist that their course is on "top of it" 
because they gave written behavioral objectives in all three 
domains. Til give odds these objectives are written in 
terms of the teacher's concept ol what he could do and 
not what the student will need when he or she gets out in 
the real world. 

How many of you have actually tried to find out 
what you students laiew before they got to your class. 
Have you ever looked at a course for elementary and 
middle school science. How many of you have tried to get 
materials your student can understand? I hope more of 
you at the secondary level can answer that you do than 
can answer affirmatively at the college level. 

I am constantly on the undesirable list of my 
colleagues in elementary science when 1 tell them they 
should spend their time with the three R's so that children 
can read and write intelligently when they enter 
secondary school. If they can do this, the secondary 
teacher can teach them all the science they will need. In 
like fashion, don't be concerned about preparing the 
student with specific factual information that will be 
repeated during the first year in college. Be concerned 
about getting the student involved with materials which 
will enable him to use his science in his immediate life. 
Tlie student is not concerned if he doesn't see an 
immediate need for knowledge. Tlie student wants to have 
something concrete that he can associate with. A student 
wants \o feel that the information is directed specifically 
to him rather than to the class. I wish 1 could tell you we 
have such a program for you, but you will have to develon 
. the program for yourself. You're not going to get it done 
in one day, or even in one year. Your first attempts will 
probably be disastrous, but don't quit. Youll probably 
want to climb the walls because of the amount of time 
and brain power required. I know the easy way out, the 
way the cight-tiJ-four teacher i)perates, but this is not 
good teaching. We are attempting such a program at our 
lab school this year in biology. Seldom does a week go by 
that I dtm't want to throw in the towel, but well keep 
revising and improvising until we work out our particular 
problems. 
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SESSION B.2 

SWINGING SOULFUL SCIENCE 

Mattie S. Jefferson, Science Resource Teacher, 
Public Schools, Washington, D.C. 

Of the language skills, the one that receives the 
most attention in inner city iwhools is reading* Teaching 
students ^o read is one of the major goals of many inner 
city schools. Teachers and administrators of inner lity 
school systems constantly search for programs and 
methods that will motivate their students to read. Often 
the reading program that is to be taught from the course 
of study or textbook is not interesting to the students 
at all. At the same time, so much emphasis is placed on 
reading per se. that other language skills, such as writing, 
speaking, and listening get little attention. These skills 
are often overlooked as a means of motivating students 
to read materials written by others. 

Science activities have often been suggested to inntr 
city educators as a means of getting students to read. 
However, elementary teachers argue that there is very 
little lime to deal with science activities in that so much 
time must be devoted to the teaching of reading and 
mathematics. Secondary leachers argue that they cannot 
teach science effectively because the students cannot 
read. If elementary teachers would assume some of the 
responsibility for teaching reading and other language 
skills then both sets of teachers would be contributing 
to the accomplishment of one of the major goals of the 
overall curriculum. 

If science activities are to be used to develop the 
language skills of inner city students, the students must 
first be turned on to the science program. Too many 
teachers teaching in inner city schools use lectures, 
seatwork, silent reading, and answering questions from 
the book as their basic science activities. The science 
program for these students must extend beyond these 
activities. It should be one which is based on the 
students' environment, and allows ample opportunities 
for students to investigate and discover using equipment 
and materials. Programs such as SCIS, S-APA, ESS, 
ISCS, and IPS can be used successfully in many inner 
city schools. 

In order to develop language skills through science 
activities, emphasis should be placed on utilizing the 
language skills that the students are capable of using. 
Most inner city students a-i^ capable in the area of oral 
communication. They are able to communicate in what 
is called their primary language. This language may be 
different from what is accepted as standard, but it can 
be understood with some etTort on the part of the 
teacher. Hffective science activities such as those in 
SCIS, S-APA, HSS, ISCS, and IPS can promote the use 
of this oral language in order to motivate students to 
write their own observations and reports based on their 
findings. Furthermore, success with these activities will 
encourage them to read science materials that are written 
by others in order to find additional information about 
a given activity. 

The following is a list of some activities that 
promote language usage of inner city students: 

1. Publishing a science newsletter, 

2. Writing thank you letters to resource persons. 

3. Plarming and carrying out science assembly pro- 
grams. 



4. Preparing science projects for school and com- 
munity exhibits, 

5. Writing to different agencies for information, 

6. Encouraging older students to work with younger 
students. 

Many people erroneously believe that inner city 
students cannot or are not interested in learning. They 
may not learn in the way we want them to learn, but 
they can learn if they are taught by methods that are 
consistent with their expectations. It is very important 
that inner city students are provided with concrete 
experiences that will lead them to the development of 
effective language skills. 
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SESSION B.3 

SCIENCE IN SPECIAL EDUCATION 

DEVELOPING SCIENCE CONCEPTS WITH SLOW 
LEARNING CHILDREN THROUGH ACTIVE GAMES 

James H, Humphrey, Professor of Physical Educa- 
tion and Health, University of Maryland, College 
Park 

Many of us in physical education can relate to the 
importance of science as far as our particular subject 
field is concerned. We are engaged in the human 
movement area of education and recognize that it would 
be ditYicuIl to visualize a physical education activity 
which is not concerned with science in some way. This 
is particularly true of physical science principles, since 
practically all voluntary body movements are based in 
some way upon one or more principles of physical 
science. 

Some 2,300 years ago Plato expounded that "in 
teaching children, train them by a kind of game, and 
you will be able to see more clearly the natural bent of 
each." If one were given to rationalization it could be 
speculated that the content of my topic for this session 
might be what he had at least perhaps remotely in 
mind. 

I like to describe active games as "active inter- 
actions of children in competitive and/or cooperative 
situations." Note that I am concerned with active rather 
than passive interaction. Thus, my particular philosophy 
centers around the idea that "when children learn they 
learn all over." 

Without getting into an in-depth discussion of the 
various inherent facilitative factors compatible witli child 
learning in the active game approach. 1 should mention 
that this medium ot learning is backed up by (Objective 
research. While this research might well be consideiod 
much more exploratory than definitive, all of our 
studies in this area sliow that most children can develop 
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academic skills and concepts very well through this 
mediunu One of our findings is that this approach, while 
favorable for all children, appears to be more favorable 
for slow learning children. The obvious reason being that 
slower learning children will perhaps have more success 
with concrete kinds of learning experiences than those 
which are abstract. In other words, in the development 
of science concepts through the active game approach, 
the learning experience becomes a part of the chlld*s 
physical reality. 

Le me present four representative examples of how 
certain science learnings can i)e integrated with active 
games. Some fifty of these kinds of motor learning 
activities appear in the source: 

Humphrey, James H., and Sullivan, Dorothy D, 
Teaching Slow Uwmrs Through Active Games, 
Charles C Thomas, Publisher, Springfield, Illinois, 
1970, pp. 145-182. 

A book oriented specifically to this approach, 
entitled Teaching Klemenrary School Science Through 
Motor Learning, is currently in preparation and will 
soon go to press with the same publisher. 

Each of the following examples contains a state- 
ment of the science concept, a description of the game, 
an application of the game for the particular purpose, 
and an evaluation of its elTcctiveness in a given 
situation. 



Case 1: 

Concept: Shadows are fi)rmed by the sun shining 
on various objects. 

Activity: Shadow Tag. Players are dispersed over 
the playing area, with one person designated as "'It/' If 
"It" can step on or get into the shadow of another 
player, that piayer becinnes "It." A player can keep 
from being tagged by getting into the shade or by 
moving in such a way that "It" finds it difficult to step 
on his shadow. 

Application: During the social studies period the 
definition of a shadow was given. A discussion led the 
class to see how shadows are made as well as why they 
move. The class then went outside the room to the 
hardtop area where many kinds of shadows were 
observed. Since each child had a shadow it was decided 
to put them to use in playing the game. 

Evaluation: The children saw how the sun causes 
shadows. By playing the game at different times during 
the day they also observed that the length of the 
sliadow varied with the time of day. The activity proved 
very good for illustrating shadows. 



Case 2: 

Concept: Moving things slow down before they 

stop. 

Activity: Stop on a Dime. A perpendicular line is 
drawn 50 feet from the starting line, with graduations or 
measurements drawn at one-foot intervals for ten feet 
beyond the line. I'lach child begins runnitig \vhen the 
signal "Go** is given. When he reaches the fifty-foot line, 
the signal "Stop" is given. The intervals past this line 
show how many feet it took him to stop after he heard 
the signal. 

Evaluation: Hach child was able to see that it takes 
time to stop. All realized that moving objects first slow 
down and tlien stop. 



Case 3: 

Concept: Things which are balanced have equal 
weights on either side of their central point. 

Activity: Rush and Tug. This Is a combative 
activity In which the class is divided into two groups 
with each group standing behind one of two parallel 
lines which are about 40 feet apart. In the middle of 
these two parallel lines a rope Is laid perpendicular to 
them. A cloth is tied to the middle of the rope to 
designate both halves of the rope. On a signal, members 
of both groups rush to their half of the rope, pick it up 
and tug toward the group's end line. The group pulling 
the mid-point of the rope past its own end line In a 
specified amount of time is declared the winner. If at 
the end of the designated time the mld-polnt of the 
ri)pe has not been pulled beyond one group's end line 
the group with the mld-polnt of the rope nearer to its 
end line is declared the winner. 

Application: In performing this combative activity 
it was decided to have the group experiment with all 
kinds of combinations of teams such as boys versus 
boys, girls versus girls, boys versus girls, big ones against 
little ones, and mixed sizes and weights against the 
same. 

Evaluation: This was a very stimulating experience 
for the group since it presented to them a genuine 
problem-solving situation in trying to get the exact 
combination of children for an equal balance of the two 
teams. When there was enough experimenting, two 
teams of equal proportions were assembled and it was 
found that it was most difficult for either to make any 
headway. They also discovered that an equal balance 
depended not only on the weight of their classmates but 
to a great extent upon their strength. 



Case 4: 

Concept: Electricity travels along a pathway and 
needs a complete circuit over which to travel. 

Activity: Straddle Ball Roll The children stand one 
behind the other in relay files with from 6 to 10 
children in each file. All are in a stride position with 
teet far enough apart so that a ball can be rolled 
between the legs of the players. The first person in each 
file holds a rubber playground ball. At a signal the 
persim at the front of each file starts the activity by 
attempting to roll the ball between the legs of all the 
players on his team. The team which gets the ball to the 
last member of its file first in the manner prescribed 
scores a point. Tlie last player goes to the head of his 
file and this procedure is continued with a point scored 
each time for the team that gets the ball back to the 
last player first. After every player has had an opportu- 
nity to roll the ball back the team which has scored the 
most points is declared the winner. 

Application: The first player at the head of each 
file became the electric switch which opened and shut 
the circuit. The ball was the electric current. As the ball 
rolled between the children's legs it moved riglit through 
if all the legs w^re properly lined-up. When a leg was 
not in the proper stride, the path of the hall was 
impeded and the ball rolled out. Tlic game had to be 
stopped until the ball was recovered and the correction 
made in the position of the leg. The circuit had to be 
repaired (tlie child*s leg) before the How of electricity 
(the roll of the ball) could be resumed. A scorer kept 
track of the number of broken circuits each team had. 
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The team with the least number of broken circuits was 
the winner. 

Evaluation: The children were quick to see and 
make the analogy themselves after seeing how the 
interference in the path of the ball sent it out of bounds 
and stopped th<? game. In similar fashion any blockage 
of an electric circuit would break the current and stop 
the flow of electricity. They gave this variation of the 
game a new name, •'Keep the Circuit Closed.'* 

An experiment with wired batteries and a bell was 
also used in connection with the development of this 
concept. Some children reported that they understood 
this better after they had played Straddle Ball Roll 
because they could actually "see" the electric current 
which in this case was the ball. 

Although it is difficult to predict what the future 
holds for the active game learning medium. I feel 
assured that more serious attention is currently being 
paid to it. Discussions with leading neurophysiologists, 
learning theorists, child development specialists, and 
teachers, reveal a positive feeling toward the active game 
learning medium. And there is general agreement that 
the premise is sound from philosophical, physiological, 
and psychological standpoints. 

Benjamin Thompson. Assistant Professor of Klemen- 
lary Education, University (4* Wisconsin. Eau Claire 

Traditionally curricula for HMH children has 
stressed ''Persistent Life Problems" and this is almost 
universally construed to mean, in science, practical 
applications witliout background experience. The object 
of this initial activity was to instruct a class of Educable 
Mentally Handicapped (HNiH) children in science empha- 
sizing basic concepts. The topics, magnets and electric- 
ity, were selected because they are rich with opportuni- 
ty for discovery of concepts. Experience with electricity 
and magnets can also be used to reach basic goals in 
teaching the EMH child. 

The purposes af this study were: 

1. To identify the ability of EMR children, ages 8-12, 
to demonstrate and state knowledge of basic 
concepts of magnetism and electricity, and 

2. To Identify where the study of magnetism and 
electricity can be used to provide special basic 
training required for EMR children. 

Ctmcepts emphasized include: 

1. Magnets attract metals. 

2. Magnets do not attract all metals. 

3. Magnets do not attract non-metals. 

4. Different magnets have different strength. 

5. Different parts of a magnet have different strength. 

6. Magnets can attract at a distance. 

7. Magnets can attract other magne.s. 

8. Magnets can repel other magnets. 

^. Each pole of a magnet is alike in some ways (look 
alike, attract metal). 

10. Each pole of a magnet is different in one way. 

1 1. Magnets can he used to tell directions. 

12. We can make magnets with electricity. 

13. Electricity can light a bulb. 

14. Electricity conies from a battery. 

15. Battery electricity is safe. 

16. Electricity must have a path out of and into a 
battery. 

17. Electricity comes out >i this end ( ) ot a battery, 
goes through a wire, and comes in this end (+). 
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18. Some things do not let electricity pass. 

19. Metals let electricity pass. 

20. Electricity can make heat. 

21. Electricity can make things move (electromagnet 
and motor). 

Electricity can be dangerous. 
Tlie children were visited each week by the author 
, „ Monday and Wednesday for one half hour. The 
science lesson was preceded by play time and followed 
by a library visit. During the lessons, one or two 
concepts were introduced. Seldom was information given 
to children verbally (electricity comes out of a battery). 
Almost all concepts were demonstrated (see what hap- 
pens when I put this end of the wire here and the other 
end here), developed by questioning (what will happen 
if we turn the magnet hanging on the string? Will it 
always point toward J'?rry's desk? See if you find out 
before I come on Wednesday), or developed by exper- 
imentation on the child's part (Here is a battery, bulb, 
and wire. See if you and your paitner can make the 
bulb light). The children woiked alone or in pairs -quite 
often they would crowd aroimd an excited person who 
drew their attention. One or two students who could do 
a task were often asked to demonstrate for the class or 
help individuals. 

The author had assistance from a student teacher 
with one child who, in the opinion of her teacher, was 
more trainable than educable. 

Each child was provided with his own large plastic 
bucket in which all science materials were kept. The 
children were able to experiment with these materials 
during their free time when they could also play house, 
build with blocks, and do seat work. The room 
resembled a kindergarten classroom with tables, toys, a 
play kitchen, and movable chairs. 

On occasion the teacher reinforced an idea, the 
directions north, south, east, west; utilized an idea for 
writing skilL; and had the children carry thrt)ugli on a 
language arts lesson associated with magnets. Beyond 
this the science lesson ended when the author departed. 
In all, 18 visits had been made when this report 
was written. The previous year the author wt)rked with 
the same children in the same manner on other tt)pics. 
At the conclusion of the portion on magnetism, four 
children representing, in the teacher's judgment, the 
slowest, average (2 were chosen), and most advanced, 
were interviewed to record the extent of knowledge and 
skills acquired. The conclusions given were based on 
classroom observation and these interviews. 

There are 11 children in the class, 6 girls and 5 
boys. They range in age from 7-7 to 10-2 with the mean 
age being «-l 1. * " 



are as follows: 




C.A. 


l.Q. 


9-7 


Wechsler Primary Scale 




l.Q. 64 


8-0 


S.B. 71 


8-5 


S.B. 54 


94 


Wise 68 


8-7 


S.B. 7.^ 


7-7 


Wise 65 


8-7 


S.B. 61 


10-0 


Wise 72 


9-6 


WI.SC 88 


8-5 


S.B. 61 


9-1 1 


Wise 68 



ERIC 



97 



In general, all but one child (EMR-trainable border- 
line) could state the concept worked with, in response to 
a question (What do magnets do? "They stick to iron." or 
•*They stick to a nail/*), and/or they could 
demonstrate the concept (How can we And out if a 
magnet will work through glass? -~ the child might hold 
a magnet inside of a jar and try to stick a paper clip on 
the outside.) 

Observation showed that children could often dem- 
onstrate concepts if they could not verbalize. Because 
there was little verbalization of concepts by the author 
except in summary, this result was not unexpected. 

The two concepts with which children had prob* 
lems and an example of those problems:"^ 

1. Magnets do not attract all metals. The children 
could pick out metal objects a magnet would or 
wouldn't stick to, but only half responded cor- 
rectly when asked "Will magnets stick to all metals?** 
some had trouble generalizing. 

♦Concepts beyond R had not been dealt with at the time 
of this writing. Some had trouble generalizing. 

2. Each pole of a magnet is different. The children 
could demonstrate repulsion and attraction by 
experimentation when asked to show how many 
ways two magnets could work together but the 
labels, N and S pole, and stating tfie classic law of 
repulsion and attraction were not meaningful. Since 
both poles were equally good for picking up nails, 
the difference was too complex to assimilate. 

Two examples where science activities were used to 
provide basic training: 

1 . At one point the children were asked to see how 
many paper clips their magnets could hold. They 
had several magnets in their bucket. One child 
could link paper clips together and he demon- 
strated the technique. First each child was given 
ten clips to work with. Both magnets could hold 
the clips up. Then they were given all they could 
use. Practice in fine motor and hand-eye coordinat- 
ion was provided. All were asked to count the ten 
clips in their first chain -then they added more 
until some had over thirty (The weaker magnet 
could not support more than 20 clips, the strong 
could). The use of number charts and board work 
ci>rrelated with and was reinforced by this activity. 
Counting a series of objects was more difficult in 
this case than just counting objects. Fingers had to 
be used to move the chain and mark the already 
counted clip as the child moved along. 

2. Once the children knew that magnets attract 
througli materials, they were shown how a paper 
clip Oi^uld be attached to the bottom of a stand-up 
cut-oui figure and the figure moved with a magnet. 
Their teacher instructed each child to make up w 
story and she typed it tor them. Then paper figures 
and structures were constructed to represent indi- 
viduals and places in the story. The children 
practiced their story by placing the objects on top 
of a cardboard box set on its side. Its opening was 
toward a child who reached inside, and moved the 
magnet underneath to make his figures move. 
Cotisidtrable coordination between liand and eye 
was required. Only one student needed to look 
under the box after lluce practice sessions. The 
characters went in and out of houses, walked 



together, ran and looked through windows as the 
author read the sentences slowly. Example of a 
story: 

KEVIN: A MAN AND A BOY AND A HOUSE 
The boy and the man go into the house and eat. 
And they wash dishes until they are done. Then 
they go outside and play. They go inside again and 
go to bed. They get up and they eat. Tlien they 
wash dishes. They go outside again. Then they go 
inside for a glass of water. They go outside again 
and they play. They go inside again. The end. 
This unit led to a concept of direction rooted in a 
concrete experience. All but one child could use a 
compass to find directions and relate the words north, 
south, east, and west to an observable phenomena. The 
idea of direction, with additional reinforcement, will 
become much more than something the children are told 
and required to remember without extension to the 
environment. Magnetism is no longer approached as 
magic but as a natural property of some materials. 

In addition, the new topic, electricity, will lead to 
an understanding of what electricity can do and why it 
must be respected* 

The thesis of this author is that concrete experience 
in basic phenomena should result in more durable 
practical applications, more quickly grasped. In addition, 
this concrete experience should better equip the EMH 
person to cope with unanticipated life problems. The 
**Persistent Life Problems" approach as generally inter- 
preted assumes EMH children differ from others in kind, 
not degree. No evidence of this was seen. 

The exploratory activity outlined here leads the 
author to believe that practical applications ^ould be 
based on concrete experiences with natural pehnomena. 
The children taking part in this activity did understand 
and apply the knowledge gained in this way. Wtiat they 
do with such knowledge in the future can not be stated, 
but if they do not have this knowledge, it is certain 
they cannot use it. 

The main criticism **Persistent Life Problems" advo- 
cates have of this approach is that the time should be 
spent on practicaF aspects. The author feels there has 
been inadequate investigation to support this point of 
view. 



SESSION 8-7 

SCIENCE AND HEART DISEASE 

Virginia Newman, Teacher, Lines School, Barring- 
ton* Illinois 

I don't think that tlie public even begins to 
appreciate the magnitude of the heart disease problem. 
It is, without a doubt » at "epidemic" proportions. 
"Hpideinic" is a Grtek word in origin: it means 
^'something that has befallen the people." In a way, tins 
is somewhat inaccurate. *'Betallen the people'' connotes 
a natural catastrophe, somethinj^ unavoidable, an act of 
(lod, so to speak. But God really didn*l get us in this 
jam. We did it ourselves. 

It is a curious thing that it has taken us so !t)ng to 
begin to face this epidemic as we faced others in luir 
history. Tliis one is disproportionately severe. Sometimes 
statistics arcn*l too meaningful, but anybody can under- 
stand **ovcr half." And over half of the deaths <)f this 
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nation arc due to this one tanUly of diseases, Wouldn^t 
it be acutely meaningful to you to consider that over 
half the people In this room will die of tills disease? 

Dr, Kdward William's, of California, said: "There is 
a matter that misleads a lot of people, Since many 
infectious diseases have fallen, there are those who take 
refuge in the statement: *We're all living longer now 
anyway*. But we*re not all living longer- The life 
expectancy of a baby has indeed been extended; but the 
life expectancy of forty-year-olds has not paralleled that 
gain/* In other words, the continuing rise of degenera- 
tive diseases is busy wiping out the gains made by 
conquering infectious ones. 

It*s not "death** we*re figliting; certainly that would 
be a losing battle. It Is prenmrn* death that is so 
disturbing to us. It truly grieves me to contemplate the 
great ideas, the talents of which premature death has 
robbed us. 

The world of medicine has long been worried about 
the extent of the heart disease situation. Tlien govern- 
ment became concerned and began to give money for 
research and study grants to determine what might be of 
help. Finally educators ha/e been prodded into recog- 
rti^i^g the gravity of the situation, and, quite logically, it 

is there in the world of education. . . . that the best 

remedy lies at this time. 

Wc*d like to tell you about one way we're 
attempting to face this formidable challenge, a project 
which started small, about eight years ago on the west 
coast, under the direction of the national clearing house 
for smoking and health. Now, thousands of students 
have been through the program. But there*s infinitely 
more to do. 

We are now implementing virtually the same in- 
depth heart and circulatory system study unit in a 
number of schools in this area. It is based in the science 
curriculum. The sixth grade level was thoughtfully 
chosen for the unit; although I have seen it adapted, 
with success, to other grade levels. It is best to give it at 
a time when the Si rodents are old enough to comprehend 
the study and young enough not to have too deeply 
engrained detrimental lik'-style habits. 

I treasure a letter I once received from the 
renowned Dr. Paul Dudley White. He emphatically 
maintained, "Cliildren of this age arc really much more 
able to advance in such deep study pursuits than the 
public gives them credit for.*' He definitely felt that the 
greatest gains in this battle were to be made by helping 
the young before it's too late. 

The primary goal of the unit is: "To help the 
student gain a deep understanding of and an appreciation 
for the heart and circulatory system.*' 

I defy anyone to give close attention and study to 
that maivelous organ, the heart, and to avoid developing 
a tremendous respect for it. When you truly understand 
and respect something, you're not so likely to abuse it. 
We've all known *Var buffs'* who lovingly tend their 
autonu^biles, carefully tuning the motor and polishing 
the exterior. These individuals know what abuse will do 
to their prizes, so take pains to avoid it. This can surely 
be related to learning about yourself, what makes you 
tick. One of the reasons this unit is approached with 
such enthusiasm, by teachers and students alike, is that 
learning abcmt yourself is exciting. 

Tlie unit embraces the conceptual approach. It 
involves a detailed study of a whole idea (concept), 
using nuilti-facets. varied teclmiques. and an abundance 



of materials, Much of the material is obtainable through 
Tlie Heart Association, With new ideas in this realm 
appearing so constantly, the teacher often learns along 
with the students, 

The unit is only initially content-oriented i in order 
to give the students necessary basic understandings, 
Then they pursue, in varying depths and ways, different 
aspects, , . according to ability and interest. Sometimes 
students work in croups; sometimes individually. 

The method avoids any moral judgments, any 
"thou Shalt not.** Finger-wagging, as we know, is a most 
ineffective teaching technique. Any resulting decisions 
must be made by the students themselves. It is our 
obligation to help young people learn about this matter, 
Tlien they ntake up their minds how they*re going to 
use this knowledge, and take the options. 

Many of us who have had the exciting experience 
of working with the unit have seen that it evokes 
growth of perceptions and changes at the behavioral 
levels, , . not onlv for students, but also for teachers and 
parents as well. Never have I seen parents follow a unit 
with more interest. Administrators gleefully tell us that 
it is "one of the best P,R, tools ever." 

In the guidelines we have given to teachers in the 
fity or sixty area schools that have incorporated the 
unit, we stress that tlve general phases be followed in 
this sequence: 

I- Awareness (of the heart and circulatory system as 
related to the entire body; and tiie extent of the 
heart disease problcfn) 

2. Appreciation of the blood (studying its components 
and jobs) 

3. Structure and function the heart and circulatory 
system 

4. Diseases involved (atherosclerosis, hypertension, 
smokin'j-relatcd ones, obesity, strokes, etc.) 

5. Prevention 

Though the study is based in the science curricu- 
lum, it is essentially interdisciplinary. There are corre- 
lated activities in social studies, math, language j?r{s, e*c. 
Can you imagine a cinquain written about the sinoatrial 
node ("Pacemaker")? Pve seen a great one! To keep the 
study frt)m being too physiology-i)riented or anatomy- 
bent, it*3 important to bring in other related aspect of 
interest. 

Help students learn about the colorful superstitions 
that primuive men attached to blood and its uses. For 
example, using blood for fertilizing crops and drinking 
the blood of the animal whose chat;*ctciistics one 
wished to arquire. "Bloody" supersiiiions have even 
persisted to relatively recent times. One instance was the 
curious custom of using the "syn:pathetic egg," where 
?.n egg was drained of its contents and nlied with the 
blood of a healthy animal. The egg was tlion placed on 
the affected part of an ailing person (on the abdomen if 
lie had a stomach ache, etc.). Supposedly, tlic "demons" 
causing discomfort would prefer the' hcalMi> blood 
within the egg and flee the patient. Anotncr tale is 
about the origin of the barber poio. Are yoj familiar 
with that one? There are many. 

(live some attention (o the pioneers in the study of 
blood, heart research, and surgery. Help those who arc 
interested t ) learn aho\ii (;:^!on. IWalpiglii. and Harvey. 
Did yi)U know that the author of one of the earliest 
theories about the circulation of blood, .Servetus. was 
executed for stating his heiief* It was considered heresy. 
Yet, he was subsequently proved to be cotiect. 
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irSSiON H I! 

Vmti MATERIALS IN THt; CLASSROOM 

DSi: AND MISUSfc OF INDUfJTRYSPONSOlMil) 
MATERIALS 

(M<. Duvall and Wayne KiepeL Indiana Dniveisity. 
South Hend 

A leview of educational reseaivh reveals that free and 
Inexpensive materials are used t^ulay to a much gieatei 
e.stent than in the past. The use oV these materials by 
teachers is encouraged by the lecopni/ed e.sperts in the 
I'ield ot education, despite certain iuheient limitjitions 
iinptied b> th; tact that they are f ree. Studies conducted 
within the last quarter of a century shi>wed that ovei 
peicont of ilie classioom teachers suiveyed liad used some 
form sponsored materials. Studies of school policies 
and administiative piocedures leveal that the use of iliese 
maleiials is permitted and often encouiaj^ed. 

The producers of free mateiials ar»' interested in iheii 
iitilt/aiion by teachers. These studies, sptmsored by the 
Ameiican Iron and Steel Institute, Washiiijtton, l).(\ ate 
evidence of the priuluceis* inieicst in determining the 
streii)«ths and weaknesses of the materials being sent into 
classiooms ihioughout the United States and ulili/ed in 
the instructional pio^uams of these schoois. 

Ti> obtain tlie desiied inhnmaiion a ipiesti*»nnaiie 
was developed, accompanied bv a covet lettei which 
explained the purpose ot tlie studies. Similar insiiuments 
weie used in both studies, peimiitmi* comparisons and 
j!eneiali/ations. 

An analysis of the data relatinjt to the two siiulies: A 
SiuJv (\1 Taulnr OpnUi^ffs Ouumun}: ScU^iid /^hr 
t'ilmsfhps PhivUcii hy thv Amcriaoi IriUi (uui Stirl 
institNh • h I St h u >/\ riih uit^hi mt the ( -niiCil Stales 
(published August. P>7.'). and A SiuJy i>J icachcr 
(}pi iii^Hs and i vahiatii^iw Omivnan,\: St in ted ihr 
hinted Mati hals Phnldcd hv the A^nehean ih^n and Steel 
Institute to Individual Tlmnii^htiut the Cniteii States 
(published Sepiemhei, 1^>7.Min piesentcd.^ 
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liuValh CiniiUs *Jh .il^ "A S(iul> iit iVuilior OplninH% 
tmWiUHiiVj^ SOUvKHt I roe HhUslfijU PttniUd by Utc 
Attu'rivaii im\ and Stcct iUstiUilo to SwhuoU liutui^hout 

UuVaHi ( hailOH U» "A Siml> ol IVudior Upiiiluni atu4 
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Ihm hiitli sUkliCH 1 (|Ui'!iUo(Htaiios were mwikA U\ 
tatuii«mt> sckcicil ikmaous Worn lists imiviitcd h> 

tho AnuMicati Iton aiivt Sicot tiistfuite. A siiiiitai iHMvOitt 
of us|HiiisoN vva^ ohiaiiid lit each Mtuly (I Mtitslilps 7t» 
pouviit. m\ PriiitOit Mateiiats riN luMcoitth In the 
iHi)!itial studies, an adtttstnteiM tut uiiiteliveiable littoiies 
\va> made. Witli this adjiistinottt the poivei t ni' lespotines 
was lilittsiiips peicenl and hinted Materials 75 
pervvnt. Cuniplete details ate contaitted in the studies 
Cited. Ill view ol the relatively high rate of responses, 
^eiterah/ations were drawn to the populations sampN. 
indeed, it is believed that the Ameriean Iriui and Steel 
histitute Hiateiials aie lepiesentative enough of tree and 
inexpensive materials as a whole that tentative )teneralt/a- 
tions may be drawn tii similar materials. 

lixattunation oi the data led to the CiUielusion that 
the respondents in the two studios are stnulat tit natute. hi 
no case did the percetii ul respiutse within any school 
district category Ouial. suburban, village, town. city» 
undesignated) vary tuore than 10 percent attd in Hve of 
the six cate:;ori^*s the ditlerence was five percetU or less. 

Tlie data uealing with level ot training, as indicated 
b\ the educational backgunmd ot the respondents, shtnved 
stntilar ^patterns between the twi^ samples. While the 
educational backgrounds of the respondents appeared \o 
be similar, the gieatest divergences between the tWH» 
samples were at the levels designated 'Mlachelors degree** 
and ^'Masters degree plus/' In m case did the differettces 
between groups wilhiti the sample exceed ten percent; 
• tlieiehne. the samples were considered to be sintilar. 

When the respottses were a:^ily/ed according to age 
raiuies It was found that almost two of every three persons 
in both studies were 40 years ol age or yi>unger. Ihuvever. 
exatuinaluut of the data revealed that there was a 
soimwhat larger difference in the percent of response 
between age ranges, particularly with respect to the 
voungor groups designated 21-25 and 2bv?0. On the 
vvliole. the sample responding to ''printed materials" 
tended to be appreciably youtiger than those who 
responded to the instrument assessing the fihnsirips. 

The tollowing data are pieseittec! in an effort to 
analyze the effectiveness ot the materials. These nniterials 
aie examined from seveial different perspectives. 

When the educational level of the resptMidents was 
used as the variable in the analysis, little differetice was 
noted in the asNCssment ot the two types ot inaterials. The 
overall icsponses towaul the nuiierials tended to be highly 
positive and supportive ol tlu* eltorts of the producers. 
Teachers with less than ;i bachelors degree tended to l>e 
mi)re positive in the assessment of the worth of the 
tllmstrips than the pnnted mateuals. Only al)out one 
percent of ilu* teacheis tended to late these materials as 
"poot" ni '^having nt» value.'* 

l.vwtiination ot tiie s.ntte data, analy/ed hy lelative 
si/e ul the school district . slnnved a rather consistent 



positive opitUott. Uttie disc^Miuhtc UitTcrcucv Ui tite 
icsponsi^ initti'rit wuh tuUedi 

It should be ttotevl that a ceiiaiit lack oi ciuiiiy may 
huvi' been (tnitutuce^) in the wouipatlhot) hetwei'n ilu' two 
studies hy \\v^ changing ot desciiplitrs used in ihv^ two 
qtteHtiotinaire!i« llic change was itiade tiotu ^\uiistunditig 
•goiid*tali*|HHn'* to •^very eifectlve*ctfective«sont^*vvltai 
cftoetiV4;«iio valtie" u\ make lite descriptors luitre 
dt^OnitiviS and itciice ntore lueatitngful. tii tite sttuiv 
dealing with piiiitcd materials ilie percent of teachers 
indicatiitu tltat ttie luateriaU were 'Numevvhat oltective'' is 
iiigiier tlian tiiiise teachvMs wlio indicated tttat the 
niiusirips were "fair/* It i% tIte opinion ofilie researclter.s 
titat the cttaiige iit descriptors was r('sponsit)te tor tlie 
variutiiMi in response paitctn noted* It i^ also their ttptnioii 
that the descriptors used In the second study dealing with 
printed materials were imue detlttitive. cWn thouglt this 
change ev^iked a sontewiiat tinver relative rating, 

One of the most iVequeiUly voiced coitcerns 
regardittg free and inexpensive materials is the tact that 
their sponsorship ntay have an elTect upiut their use in the 
iUHtrtietionat prouranti Another interence soinetitnes ntude 
is tItat snottsoiship itas a negative eonttotation rarely 
Piisitive. In order to ascertain the teaclters* judgments tif 
this assttntption the ipiesthut was posed. 

When tite oveiall response pattern was considered, 
approximately two*thiids of the respondents ittdicated 
that the fact that the materials were iitdustry sponsored 
was eltlier *'tnu>btrusive*' lu had **iio effect/* Only one in 
20 of tire respondents indicated that industry spvmsorship 
of these prhited materials atVected their usefulness. In the 
case of the fitinstrips imly t)ne percent ol the sample 
indicated intrusion. 

Of prime concern tii the producers of free and 
inexpensive materials is the use made and the evaluation 
of these materials hy the users. Ikcatise of the differences 
between tllmstrips and priitted materials, the instruittents 
used in obtaitting the basic dita for the sttidies were 
ntodifed and adapted ti) aMlect diese difforenwos. 

Teachers who use free tllmstrips. in the i^iinion of 
the researchers, compare the tree materials to coinmet- 
cially produced lllmstrips and decide to use the best of 
the available instructional resiutrces in their teaching. 
Respondents were asked to indicate assessmettt of the free 
nhnstrips priivided by the American Iron and Steel 
Institute ascotnpared to commercially produced ttiatiMials 
dealit^g with sintilar topics. Appioxiiiiately 50 percent of 
them indicated that the fiee fihnstrips provided were 
eithei "supeiior to most'* or "better than nu)st" of the 
conunercially produced materials with which they were 
fanUliar. Another .me-fourlh of the respondents indicated 
that these materials were as *'good as most'* t)f the 
nuiterials willi which they weie acipiainted. Perhaps the 
mos» encouraging aspect of the results of this (|uestit»n 
was that only otie percem of the respondents indicated 
that the films: ips were in need of iniprovemeiii. These 
data were atialy/ed by both the educaliiutal level ot the 
respondents and the si/e of the school district in which 
the mateiials we.e used. 

in the study dealing with ptinted materials an 
attempt was made to determine the reasons toachers had 
for requesfi!^ • Materials as well as the way in which they 
entployed i .c' materials alter leceipt iwnw the sponsoiing 
agency. AuiUher uniuuc fealuie of printed nniteiials. 
when contrasted witli iilmstrips» is that they are 
Ci>nsumab!e. wheieas the fihnstrips are intetided to he 
telained and reuseil. This fact lequires the pioduccr to 
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ri^pleiHNtt aiii) U)nlite the siipplv of pHttUH) ntuicriitls ut 
lu'i|uyut lUtcivalN it the tiiatcUiilH %ire tu wutUttuic tu be oi 
value. 

Teac^iots havo luaiiN reasons \o\ u\|ueHtln^ jninleil 
niateiials timn s)U)unois. Over halt ol the ies|HiiulentH 
re|MieJ that they wete neekiti^ curriciiUtiii inittcriaiH« 11ie 
secoiu) most tiV4|ueiitt\ ituiicateU reason svas that thev 
sveie huihhn^ a resoMice tUe. (Hlier lea^ons vvtiicli 
occiirroil with somo fnuiiUMicv vveiv seeking "iltusttative 
nuteiials/' aiul ''nutettals which v.-ouUt be used with the 
entue class.** 

The nvt I actional lesel at which these materials have 
ikvn used is ot concern to bntli the prodncei anj the 
cuiticnhnn plannet. hi the case oi' the niateiials prepared 
hv the Atnerican limi and Stvel Inntitnte and their 
subsequent use* iis repoiicd h> teacheis, it is possible to 
make conipaiisons. lulucatots PiogiosN Service (l l\SK in 
Its reteience woik cniiileJ /:i/mw/on iitiUi* to ihv 
SdcPhv XUmmls, 14th Annual Kxlition, /y V, has made 
spiMtic suggestions to the teacliei tor appiopiiate levels ol 
u.se. 

The /:/*.V iiuidv uvommonds that "The Onc leai 
Book Siors ot l.nviioiuneiit ami Industry'* be used ''in 
grade and up" atut lliat two teachers guides are 
availaHe. one tor \\w scienco teacher and the otluM tui the 
social studies icacliev. An analysis of the data collected in 
tiie study i!uiik'ates that fuiiv IK) percent of the teachers 
who tequested the booklet used it below the levels 
intended bv liie producer. 

the pamphlet \n cartoon (comic) booklet "Mark 
Steel l ights htllution" desciiption in the guide led the 
ieseauher> to infei that elemental y level usage is iniotuled, 
howevei. no specific grade level recommetidaiion was 
made. The results of tlie stmlv indicate that over 50 
percent of usugo was made at the junior and senior high 
scluu»| levels. 

Wiu'n considered b> guide recoinniendalion, the 
p.nnplilei "Steel Science ami Our Si»cietN '* sliould he usevl 
in glades S-S. .Xppioxinutely one-hall «)! tlie respondents 
nidicated tiiat they wete using the materials at the 
suggested grade levels. However, over U) peiceni of the 
respondetits indicated priinatv use and an additional I.^ 
[HMcent indicated using it at the senioi iu^ii sctnnd level. 

Aiu»lluM inleiesiing findmg winch emeiged from this 
puiticular facet i»l the study was the extiemely high use of 
the inateiials upon rvcoipl. Only six percent of the 
lespondentN indicated that they did not use the materials 
.ifter ihe\ h.td been received. 

lA.innn.ition of the d.Oa shows that the recipients 
used the printed maleiials in a variety y\\ ways. Most 
frCipieniK mentionevi uses were as supphMnentar\ 
inaieriaN. pupil and teacher references, and as bulletin 
boaid in.iienaK. 

Tlie lin.il an.ilssis made concerns the respondents* 
nOeniiini to umisc \\w inateiialv if available. Those vlata. 
ate ol |>.trtuula! nnptulaiice lo the |»r\uhkers of free aiut 
inespeiiNive nuiteiials. Reuse inters a vieiMoe of s.itislacliiMi 
with (lie i^huluvt. In thi^ sluiiy. M peicent of the 
res|>ondentN induaied ihcs wiMild leuse the jvimphletN 
iie\i \e.it if ilu'\ \\erc avail. iMe. less ihan live peiceni 
lUtlic.itod ih.il ihe\ wvuilvl lun revpiesl these iiKiteiiaU lor 
lutiMO l.isNriKMM use. Mie icsearehers niterpret th's 
tespouse palteir .is Wmi \\\\\\\\\ suppiulive of the Irei 
iiiNtnutunal .jds piosiilevl In the Anieiican Irvui .md 
steel Inslilufe. 

Based upon these studies k is .ij^p.Henl ihal teachers 
d»» use liee .iiul inespetisive ni.ilenals in the instriu tuwi.il 



progruiiis oi the Kchools oi the United States. Teaciiets 
have titdtcuted that the mutetiutH are H) etiectlve 
iupptemeittary ulds tisitally an good as. II trot better than. 
^i:oititttercialty produced niateriats and tbi are likely to 
continue in uiie it provided by inernbetH ot the buiUne!i.H 
atid induMdal ciiminuttity* 

Hecause ul the widespread accet^anee and use ot 
tiiese materials there is a basic icsponsibility. shared 
equally by users and producers, to insure that tree and 
hte\pensive matenals are utiti/ed in an instrnethmalK 
appropriate manner, A high degree of respim.sibtlily is 
placed U|Hin the producers to provide those materials 
which nrost nearly meet the instructional needs of the 
schools, Teachers have the respmrsibility to make proper 
use ol these materials. 

tVoduceis ol tree and inexpensive materials should 
contimie lo nune nearly define "curriculum content/' 
that is. design them hn more specitk instructional use. 
IIUh focusing of content may restrict the audience but it 
should give the materials a higliei value for educational 
purposes. 

Suggestions similar lo those provided by the 
producers of the materials studied should be included 
with all free and inexpensive materials. Altlumgh the 
instritctional guides and catalog descriptions did not result 
in appropriate utili/ation of lllmstrips and printed 
materials in all cases, they were considered benetieial to 
the users. Therefore, producers are encouraged lo provide, 
and in some cases more clearly define, these sources ol aid 
to instructiotial planning. Indeed, producers may wish to 
suggest new and innovative uses for iheir materials, but 
they should provide at least minimum plans or guidelines. 

hree and inexpensive nuilerials are highly acceptable 
\\^ teachers throughout the country. The producer's 
problem is noi lo gain acceptance, but to improve the 
product so that it miuv nearly meets the educational 
needs of the schools. 1*oday, free materials aie less 
"advertising maierials" and are more nearly *'instrnclional 
aids." Pi'oducu.i have the opportuniiy and responsibiliiy 
to make these materials insttuetionally relevant. 

Teachers snould be selective in ihe choice of 
materials they use. The selection process should include a 
careful perusal of ilie various sources of information 
relating to the availability of free materials. lAcellent 
examples of preliminary screening devices are the 
r.ducalors Progress Service series of calah>gs and the many 
references in current periodical literature. Teachers should 
scieen materials upon receipt and make a decision 
concerning use in their jMojnam. The fact that materials 
are free d\»es iu>t mean they must he used. 

It is suggested that otiiei piodueers examine wa> s in 
which teachers utili/e their materials. As additional data 
heconie available comparisv»ns may be made and lurthei 
generali/ations drawn. This elfori will contrihute to a 
furthei understanding of the use (and possible misuse) of 
free and inexpensive learning materials m classrooms 
tinoughout the nation. 
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Thcic has been no linio in nm history when there 
w.is i'jv.itei need lor iiuhisiix' lo i^l.iy a Liuistiuciive role 
ni tlic priKONN ol ciliic.nion and r*n education to use 



industrial contributions to ntakr eurHcuiuni utid ciass* 
room icurniny cX|>cricikOH nu'aningtiili reU'vant. and 
interesting to ilie loarner. it Was( intmntini) to that 
one \\\ the Hpttaki'rs ut cmirercnce lasit y^nir Muted 
that the tank Tor husinesH in the decade ahead in to 
esphiin ilie free enterprise synteni to ihe Auiericaii 
pnhlu lest the Anteriean electorate dismantle tlie tree 
enterprise systenti One ot* the challengeH to education in 
this decade is to huniani/e education, h\ each 
person develop a positive aliiludo about hlnisclt\ to help 
hini to develop an understanding and appreciation tor 
his tdUnv man and his t'ellovv man's culture in iitlier 
words, help each child to hecome an individual capable 
ol* living in a plurahstic society, I have just returned 
iVom the twenty«n(nlh annu;*! conference for the .Assocl^ 
alion for Supervision and Curriculum IX'velopmeiU and 
the entire conference was devoted to (*reating Curricula 
for Human I'Ulures, The World Out Children May 
Inherit. Tducation for Survival: Our Task. l\lucator*s 
Survival Kit: Career Educatiiui and the (*nrrlcnlu;n. 

These are hut a few of the topics which spell Tuture 
educational shock to us complacent, mid-western school 
people whose past experience and living smnewhat chnid 
the bifocals which hu)k to the future, Hut Kiok we nuist 
foi we arc presently dealing with the futuie in our 
schools. 

l*or many years industry has produced material and 
made it available with liitle or no cost for educational 
purposes. This lias, for the most part, been done as a 
method of advertising on the part of industry, however, 
it has proven to be a rich source of valuable curriculum 
material. One would tttut it diftlcult or impossible to 
name a discipline of in.truciion ui the eleinentuiy or 
secondary school which could not be enhanced through 
the use of itulustry-sponsored or free material. »SiMne 
minicourses can be built completely iVom available free 
materials. 

Ilie Iree materials are available but how does the 
average classroom teacher knov whiit they are, vhere 
th'v aie, and how to obtain them? to help the 
classroom teacher with this task, liducators Progress 
Service in Randolph. Wisconsin, has since made 
available eiglit differen' guides: 

/. (imlc to hnx iVms 
(iiiiilv to hhv Himstrips 

3. (iuidv to hnv Tapes, SrHptw and Transtttpfions 

4. Idemcntan Tcaclurs (iuidv to h\c Cumadum 
Matoials 

3, duidc to I'hv Scianv Matirials 

fh (iuidc to h>a' Soda! Studies Materials 

7. (iuidc to /•><•(• iiuiddfuv Materials 

5. (iuide to Ihr Health, Physical Kdueation and 
lieereatit Materials 

Sol of Cards, liducator'^ Index of l*roe Materials 
All of the guides are revised annually. This means 
tliat titles of material which producers have withdrawn 
are deleted in the revised guide and new titie'^ are added 
and so identilleJ. In the Idenientaiy Teachers duiile 
alone there are 1.705 items listed. 

As a further convenience to the hiisv te:tchei, the 
guides are title, subieci. and source indexed. In other 
words, if one is familiar with some industry, lie ean 
leadily note whether or not their material is lisied. or. if 
one is phnmiii^i a imii oi toj^ic, the subject nulex lisis 
everyihin}» available. 
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Tlic |M0iocUsl tnatoiials, \iilvi>.i» aiul Hanscrlplions 
Cium' iioo, but afkM use tho iH;i(oitu «ii (lioiu lU^'d 
bo loutinoii i'oi I'uittuM ciioalatii^). 1W piiiilou iu;iteri;il 
onvc uvoived luvonios »Iw punioiiy of Ihc leiwtioi ui 
HChunl. l)su;ill> tlw toachci is piivilogCil to kvvp Midi 
tmitcHai. 

Ivotv UMchoi iKVils viiiuo I'ilo 01 siniajjo space IVii 
the nunoHal \w accuiitulatos. Onco the Mma^e space 
liecotues usailahio it is well to osiahlish a ineiluul of 
lilm^ maierial. IVisoimlly I pteloi the tabbed inaiiila 
toKiei with an attachoil card beating a bitet description 
ol' the toldoiN cotiieuls. 

The maieiial it our guides has been evahiaied for 
hstnit:, but each usei ol material needs to cvahiate in 
h'tnu 1)1' Nalidils. qualily, and iiilended nse. IVse arc 
questions the classrooni leacliei could ask hnnsoir: 

1. What was tlie basic purpose ^^^ the producer? Can 
>ou detenniiie who the author was? 

2. Does the niatorial lellect some qualit\? Does it 
identilN specilic social, political, or economic view* 
points'* 

.V NVhero wmtld fhe material best accommodate one\ 
dasswoik*^ Is the material visual or tactual? What is 
the jifade level at which il is best comprehended'* 
l'duc;*tion is moving tVom the teachin^«learning 
theoiv where the teacher was the 'Vivei-or.ktiowledfte** 
and the leainer the passive-receiver to the process-oriented 
theoi\ to the teacher as lacilitalor ol' learning. The 
teacher sets the stage, plans slateuiesand alternatives, and 
provides evaluative criteria while the learner uses his 
euriosit\ to explore* his imagination to luse his Tindings, 
and his ideas and his cieativity to construct ideas tor bin)* 
self or conslrnct concrete evidence to share. 

One can readily understand that in this kind of 
teaching-learning situation the idea of a textbook or 
even nuiltiple-te\is can*! exist. There must be a limitless 
anuniiit ot" niatenal from which choices may he made 
and pupiU must participate in the selection of learning 
materials. ,A unique coiitribmion ot* the resource guide is 
thai it allows the student to shop for material, either 
mdcpondei'.tly . or with the help ot* the teacher. In these 
days of'scani budgets, liew materials are u welcome asset 
lo limited text and map supplies. 

The process'orientod individualized learning pro- 
gram does not take place in a vaciuim. Certainly the 
loarnor cannot help but gather factual knowledge as he 
interacts with others anu with tnaterials; liow^wer. it is 
to be ho|'od that he learns the necessary skills and 
develops a ^.-onceptuil understanding of the content 
fields sucli as science or social studies. The use ol" 
nidiistry-sponsored materials can play an Muportant part 
in cniKCpt development. l*or example, in health one can 
fnid m.uenal to help little children learn simple health 
liahiis as well as material which helps one understand his 
biidv tuiKiiofiN in adult life. This sets an example of 
spiral learning, the strengthening and bauidening of 
concepts. 

t'.arliei I alluded to the l.iiucato»-\ Survival Kit: 
Caieer i)evelt»pn-jnt and the Curriculum. 

Ileie loo. w.* can begin in early childiio/.vl lo 
Jeveh^p Noine simple concepts about wo'k. \tosi kinder- 
gaiteii cliiKiren kr«jw the school inaiiO .-nance person oi 
peisnns verv we'* We expand the »»ork idea to recog- 
\u/\\\\i diflcrent kinds ol wiuk» to knowing how differ- 
eiu kinds i»l wtUK are ihMie. the iralerial used in woik. 
aiid uliimaielv to Tie leaiiuw having Wi)rk experiences. 
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both Ht school attd intl ut' Hciuiuit and Uiially in iiib 
placetUiMU. 

This is an exciting ditucnsiou of school Uiday. 
Where ciiuld otu Itnd better resource material than lium 
titc industtiiS* who ate tnanutWuners ihemselves. 

Il wmtld appear that this facet of education witi 
yield some leeiproeation from edtieation u\ industry, t 
think for a long time we, in educatioUi have ordered and 
used materials but seldom it ever t'uniished any a|>pie* 
ciaiion or recognition. Maybe education has nut Ciinunu* 
nica. ^d very well to any segment ol* society. 

In the humani/ing process of education, it becoiaes 
necessary to help learners develop a loyalty In their 
fellow men. Loyalty imjilies a t'aith in )vopU\ faith in a 
community of pet»p!.\ atui faith in one': cotmtry. I*aith 
is often viewed as something imaginary, but tt nnist 
deivnd upon both the real and the imaginary, t'aith is a 
behavior made possible when uiie can use his ima^ina* 
lion combined with the learnings and cieate \v.\ own 
behavior. At this point the learner becomes the niast'M- 
of his (behavior, litis kind of behavior could have 
negative factors. If a person becomes self*«satislled and 
develops his own little world which he tetids to protect 
and perpetuate, he Ioso< sight of the big world. The 
excitement of learning nuist be developed s<i that people 
can have the motivation to adapt their own little worlds 
to the larger wmld a.ul t*ind satisfaction with their own 
behaviiU's in the larger pluralistic society. 

( ertalnly the free materials available can help 
develop this faith in people and faith in one's country, 
the people who make the country. 

In the course of projecting the uses ot* tree 
materials, 1 have neglected to iiulicate that there are 
sources for exhibits. Ideas for bulletin board displays, 
ideas to clialteiige the capable, and material fur the slow 
learner. 

SESSION Ol 
SCIENCE FOR A NEW ELITE 

CHEMTEC: A DECADE OF EXPERIENCE IN THE 
AMERICAN CHEMICAL SOCIETY 

Kenneth Chapman, Assistant !iead fur Spcical 
Projects, Education Department, American Chemical 
Society, Washington. D.C. 

The phra.se '*New lilite'' used in the title of this 
.session calls for .some retlections on peckitrg orders, job 
availability, salaries, advancement opportunities, and 
individual goals. 

Does it not seem strange fiu us to talk about a **New 
lilite*' in a democracy where all persons are considered 
equal and where the potential o( 14 or 16 years of 
education is theoretically available to all? In an uge of 
equality that is enforced by law as well as moral suasi^m. 
arc we justified in raising a banner tliat says, '*Join us and 
be better than the next person?'* f'ollowing this 
philosophical train of tliouglit may be intellectually 
stimulating and personally comlorting, but it fails to 
provide for practical needs of tiuiayN society and many of 
the people who live in it. 

To those who have worked with technical education 
within the framework of the American rhemical Society 
for the past ten years, the foregoing questions are I'ar finni 
academic. They are practical questions that have been 



%tcbatcU iii WH ( iittiniHU'i^ ;iiul even an the {liuii ui ACS 
(AuHwil ineoiiiijis wIumo tuajoi cliaiyic^ uie 

pulicicN witluii (Hit discipline atean an well as tui oui 
MKM> «sa vvhule. 

Please heai with ine tor a leu iitotiicms while I 
muliiie siime of ttie majoi iliH'ussiou poiiHs of Al'S 
ctMisiileiaiioiis relative to toclmiciah edueaiion aiul the 
role of technicians in ilio wieiitilic aiui Oihicatiiitial 
oijianiAitioii ue call ihc American (Iteinical S^iciety. 

A decade afio, an ACS connnittoe wont on lecind 
^ wnh the staientont that cheinistrv portions ol technician 
ctniicnla should he lully iratisl'erahle to cheintsiiy 
pnvranis desij»neil to produce chemists and chemical 
ennmeers, The undeiiyin)* concern was that studeiUs 
sttidyiitji in chemical techitolojiv programs should iu»i he 
hnideied in any wa> tioin continuing study h\ becinne 
prolessionals. 

Ihtoe \oaiN later^a scioiid connnittoe daiared th ii 
tho )!«mIs III uvhtucian i\lucMinm and ihejuniUol ilie Hrsi 
i\Vi|-yeais ot a piotrsMunars piouiam were sutTicionth' 
ditleient that a iwi^ycar piujsram could not produce a 
well prepared chemical tcclinician while meeting all the 
needs ot a siudeiu waiuiiif! to embark upon the third yea; 
ol study in a pru^»ram designed lor a Lhemisl. Instead, it 
deciated that a distinct role existed in modern chemistry 
tor lechnicia'is and that many individuals would be nuich 
belter served by a curriculum specifically designed \o 
build upon the conditions which Icil these* individuals to 
ci>nsjdcr techtiiciaii careers in the first place. The 
committee stated that those waUiing to continue to study 
to become chemists would be best served by courses that 
would serve as a bridge fiiun technician tti professional 
programs. 

While one committee was tackling the educational 
problems ot* technicians, another ACS committee was 
struggling with the role o\' technicians in the Society. 
Membership reiiuiremenis made it very difficult for 
technicians to obtain ACS membership: yet a signitlcant 
number of technicians desired Si)me services provided by 
At\S, particularly those that were educationally oriented. 
In eight years of work, this eommiliee has mil obtained 
input sutricicni to show clearly whether WS should 
redesign its membership requirements to admit technician 
or aid technicians in ilio fornuition ol' a sisier society. 
Argumonts for both courses ot* action ctune iVoin both the 
protessiniuil and lechnii ati communities. 

What has been clearly demonstrated is that chemical 
techiticians are making major contributions to chemistry, 
that ihc\ have leadership and organi/alionat experliso. 
and that tiiey aie much loo important to the cheniislry 
connnumlv \o be shuiiied aside and ignored as in previous 
years. Without going into details, it is suftlcieni to say 
that chemical technicians are lun only contributing to 
cheinistrv bv doing the bench work \u chemical 
laboiali)nes, but they arc contiibuting to the decisions 
which a. led all those working wiihni the field ol* 
cheinistrv on local. icgionaK and naticnial levels. 

The Clieimcal Technician Curriculum Project was 
ilcvelnpoil to increase ihi professional paiticipalion ot 
lechnicianN in cheinislry and lo meet their educational 
needs. Tor (hi> reason, liio ChemTeC Project began iis 
work with a cumcniuni concept in mind, with llie design 
and pu) luctum ol msiriictional materials of secondary 
consideration. 

Much giomidwork had been laid when the ChcmleC 
wilting team fiisi iikm in April P>7(). However, the first 



tHder isf huHittess wan ni detlitc* uhd spectfy the 
qualificalioHH ami respotislbillHes c( a chemical leclinl- 
cian» Now, four years later* the defl ^itiun ties wahin the 
body of ie\ls of tlu ClientTet' ^ iirlculuni. wlieie the 
knowledge and skill: expected of t!»o t ;hniciati are 
carefully stated. It is to be hoped that emph\vers will 
Kvogni/e tlie capabiHlies tif a trained technician and 
utlll/e tlwse ca|>ahllitleH U\ full advantage* The supervisoi 
who reci>gni/.es no disti'K'tion between the work of the 
technician and the professional chemist is likely to find 
bodi disgrutttted. itach must be challenged according ti) 
ability^ interests, and pte}niration« 

Among the specific objectives set by the ChenflVC 
e diting team were: 

1. training students in the use of contmott labiuatory 
teclmiqtics, 

2. acquainting students with the language of chemistry. 
.V teaching the basic chemical principles, and 

4. teaching some descriptive chemistry as it iscuircnii> 
used. 

(iuidelines were developed for achieving these «»bjectives, 
lli^rrowiim directly from l)r, Kobert L Pecsok, Uroject 
nirect«»r:t 

1 . Keep the language simple and convers;;tional, 

2. Dii not use so i!uiny words that what should be easy 
becinnes difficult, 

3. Adopt a phenouKMndogical approach, Ih, observe, 
interpret, aiul then explain the concepts, rather than 
do experiments to illustrate abstiact ideas, 

4. (live reasons behind the facts where appropriate. 

5. Ju.stify V'liy a topic is important to the student. 

6. Use e\|wimems related to ci>nnnon experience 
wluMC possible. 

7. Kecji the »natheinaiics to elementary algeoia, 
logarithms, and graphs, 

8. Repeat concepts with a gradual increasing of 
sophistication and a broadening of significance. 

9. 'Hilnk in terms ol questions the student should bo 
able to answer. 

Studeios using the ChemToC approach bypass the 
usual introductions ol" classifying and lescribing kinds of 
energy, matter, etc. On the first lay. the ChemTeC 
student is doing someihii.;! very basic paper chromato- 
graphy. A few months latu he* broadens his first d:iy*s 
work by using paj cr chromatography for separating ink 
cmnponents. He then extracts the .separated substances, 
measures tlie absorption spectra, and learns the practical 
aspects of spectropliotomelry. properties of light, and 
Beer*s Uiw. This is tlv* typical approach used throughout 
the ChenffeC program. 

Mathematics in ChemTeC is oriented to use. Data is 
generated and to become meaningiul, the student must 
orgpni/e it and do some mathematical manipulations. 

T'^day the ChemTeC materials are available as a 
classroom tested and revised series of eiglil volumes plus a 
guidebook and teacher *s manual. l*or traditional pro- 
grams, these texts replace general chemistry . organic 
chemistry, analytical chemistry, physical che.iisiry. and 
laboratory texts. The lecture and laboratory is completely 
integrated. Tliere is no ariillcial separation of the 
subdiscipline areas of chemistiy. It must hv emphasized 
that this is a laboralory-iuienled progiamaiui the student 
must <A) chemistry, he cannot simply chemistry. 

h'ecst^k. f<iW)cn i.. "CluMnTcC' .•\n Imu»v.itivc Apptiuch !t> 
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rHYSlCS OP TECHNOLOGY MODULES THE PRO^ 
UUa OP THE TECH PHYSICS PROlSa 

Philip Dil.avorc, Project Coonlinutor, Tccli Physia* 
luitiatut State UtiivciHity, liMrc lluitte 

Tlu* aiiu of the Tccli Physics Project is to |muhico 
insttuctiunal materials tor the teaching of introductory 
ci)Hei(c physics in a ''nhuhthu'' Wnxn and wiia a 
labiuatorynntciued approach. lu;ch u.odule conjprisos a 
rehuively iiidependctit unit ot* instn»cMiMK and each is 
based upon a technohigical device or s>sten). ( Thus they 
are called the **Physics of Technology** modules.) The 
slUilcnts* uivestigations arc centered about the system 
and, in each module, only tlu^se physics topics which 
How naturally from the study oi' the device are 
discussed. Teii lo twelve modules will form a one-year 
course, but about iweniy^Hve are being pri^duccd. so 
that tlie individual leacheis can assemble sets of nuuiules 
which are most appropriate for titeii students. Insofar as 
possible, the IVoject encourages individualized study. 

The Physics of Technology modules are directed to 
those students who are in technician training or tech 
iiology progran)s and who are taking a 'Meclinical 
ph\sics" course. Thus far, the modules have l>een used 
widely by such students, but they have also had 
considerable use in other kinds of courses; e»g., those for 
liberal arts. prc»profcssio!ial and even high school stu- 
dents. I'.vcn though the modules are based on tech- 
noh^gical devices, the ain^ is to teach basic physics 
concepts: the technoK)gy involved is u.scd as a 
motivating device. 

Unusual aspects of the Pliysics of Technology 
modules include the foll-ming: 

I. Physics is taught b\ tueans of '^real-world'' devices. 

,1. The instructional uiiits are three-week modules, 
which may be assenibltd fVoin a much larger set 
than eiuild be used in a ^'hole year; the inientioii is 
that the teacher then can use those nuulules which 
are most appropriate for his students, 

3. "Coverage"' ot" topics in a traditional sense is not 
aimed for. Rather, it is intended that the students 
shiuild explore the topics they do cover in more 
depth and give tliem a feel for the methods ami 
ti^pics of physics. However, most of the traditional 
topics are ciwered in sduic modules, and teachers 
may clun»se which topics they wish ii) include. 

4. (jeiierali/aiions into broad, physical principles fol- 
low from ^peciOc obseivatioiis by the student of 
the particular principle in action in the device being 
studied. 

This Project is funded through five separate grants 
from the National ScieuLC Foutidation. one to the 
Pn^jeci (Vnudinaior and the other four lo the Produc- 
tion Centers. The Project Directors at each of the 
Produc.i«m Centers are: Akers and John \\ Yegge 
at Oak Ridge Assv»ciated Universiiies, John McWane at 
Tcvhmcal f ducalioii Research Centers. Bill (!. Aldridge 
at Floiissam Valley Community Ci>llege, and C.R. 
.Stamiaul and Bruce Marsh at The State University of 
New Wnk at BinghaM ion. 

Tach i)l ihc Wnn centers which are producing the 
Physics ot Tochnulogy modules have been carrying on 
field tests. Vunw the lime the tlrsl draft is written, a 
nuKlule IS tested m as many schools and with as many 
classes as possible, the results of these tests then provide 
mriMiiianon for the revision ot the nuiterials. In addi- 



ttort, some field t^slttlg emanating from the Project 
Coordinator's oifice has been carried on at other 
colleges, and feedback Irotn these contributes to revision 
of ttie materials. 

Preseutiy tlie Priiject has under consideration by 
the NatioDut Scieuce Foundatiott a proposal tor more 
extended and coordittated tietd testiuit of the matertats 
in a tuuuber of colteiies. It is hoped tliai it will be 
possible to try out tutl*year courses based completely on 
tlie Physics of Technology modtites a( about ten 
colleges. 

A list of Physics of Technology nuuUites which are 
now available tor preliminary classriMun trials may 
be requested from the Production Centers listed above. 
The Physics of Technology modules will be published in 
final lorin in January 1^)76, by the McGraw-Hill Book 
Company, The accompanying apparatus is u\ be inanu- 
factured by lltornton Assi)ciates; siune of which is mivv 
available. 

SESSION C^) 

SCIENCE IS IN THERE! CAN YOU FIND IT? IN 
WASHINGTON D,C,? 

Maty B. Harbeck, Assistant l)irecti)r. Department of 
Science, Public Schools, Washington, liX\ 

Althougit science is a nouti in the title of our 
presentation today we try to keep it a verb in the 
classrooms of t' e I)istrict of Columbia, 

Ix^t me set the stage for you. Twenty-tlve hundred 
classroom teachers, in one hundred and forty buildings 
are Itelping 77,000 children learn science. The largest 
building has about t,SOO students (K-(i) and the stnallest 
has an enrollment of 139, We have a corps of 75 science 
resource teachers lo help in the task. Some of them are 
residents in a lat^e building; about a titird of them have 
two or more buildings assigned to thetn, and there are 
about twenty small buildings whose budgets will not 
stretch to cover special subject resource tea<'hers. 

This Is, theoretically, a beautiful set-up. As is 
usually the case, the theory loses something in the 
translation into actu'*! practice. We expected that class- 
room teachers would teach science as an integral part of 
the school day, with help from the science resource 
teacher. After the teacher's union obtained a require- 
ment that classroojn teachers have three planning peri- 
ods per week principals found it hard to provide the 
planning periods in any way except to have science 
resource teachers teach children without the presence of 
the elassrotnn teacher. The school-by-school budgeting 
system which we use makes it necessary that we 
negi)tiate with individual principals to include some 
expenditures lor science equipment in the budget each 
year. The science department has no budget. The 
pressure frotu the eentral administraiitm is on math and 
reading;. Not all principals and teaeliers see the potential 
in inquiry-based science for developing and strengthening 
math and reading skills. Opportunities for massive 
it^service education for classroom teachers are hard to 
conte by. 

We have developed minimum pert'orniance objec- 
tives iti grades K-b and are in the second year of 
validation. Our philosophy empliasi/es that the science 
program is lo be both process and content oriented with 
the emphasis i)n process. It is based on the idea that all 
cliildren shmitd be successful in inquirinii inii> fiaiural 
plienomena in u tree and *\iccei>iing * aimospheie. We 
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art' irying tii gei t'temeiitury icim\i\^ niaiidutcd Tor all 
childioiK iHuhubly this is really a bid tiir attiacUiig 
mcrcased atkMiiion Ui our |no)ir;iuh 

11(c imiitimiin portoriuance stuitdarils wiUch wo 
have set iii^iiily Ciiinputihlo with i*:SSi SCIS. and 
AAAS» AhiHil ^^ buildiiiffs includiiij? \\w opiMi space 
huitdiiigs are using SCiS tn ttic early grades. Ilune arc 
20 buildings using the AAAS pritgratu. Here and there 
one tliuls an liSS unit or two in use. We have three 
buildings pihMitig the USMI*S, develojwd in Newtown, 
Massachusetts and iuie building using the Individualized 
Science program developed by the UllS lab in Phila- 
delphia. The thiancing o\' these prograni;^ and the 
logistics of eijuipntent distribtuion have never been 
adequate. Many of oiu' buildings are using pri)grants 
ttuuight up and scrounged lor by the science teacher 
who is there. 

This. then, is a thumbnail sketch of tiie situation as 
It is. The resourcerulness and dedication of the science 
resource teacher ^ ^'^ps the pri)grain going, often sur- 
prisingly well. 

How do inner-city cliildrcn manage to 'Mo*' science 
instead of reading about it and talk'ng about it? In just 
the same ways that suburban and rural children do. 
Inner*city children arc at once just as alike and just as 
different fri)m each other as groups of children iii other 
locales. 

In the schools where more traditional programs still 
prevail, children are memorizing the proper responses 
and feedinu them back to ihe teacher in the expected 
fashion. Happily, in many scliools we see that teachers 
who don't have SVIS and AAAS materials often have 
llie philosophy of these programs, Cliildren are observing 
ice and water in a' jar instead of a beaker, sorting and 
classifving buttons brought from home, doing popula- 
tion counts in a gallon jar aquarium, building their own 
circuit boards (sonietitnes with telephone company 
wire), and computing the mechanical advantage of their 
own bicycles. They are maintaining mealworm colonies 
and studying animal behavior. The good readers do 
written and oral reports. Tlie non-readers draw pictures 
and "show and toll." Some of them learn to spell ellip.se 
and rectangle but get mixed up when reading was and 
saw. 

Science has become a practical necessity for many 
our schools witli tfie advent of ecology and beaut ifl- 
cation pnMocis. ('hildron are learning to measure and 
map school sites. They are propagatmg geraniums to 
plani in window bo\es this spring. They are using 
vaseline on cards to collect solid pollutants iVom the air. 
They are measuring the anunmt of trash Produced in the 
classriuun. Sixth grade students visit a National Park 
.^•ervicc ligtushif) nn the Potomac and collect and test 
\ .Iter samples lor sediment and acidity. Many sixth 
vrade students study a woodland and field habitat 
during a week of imumriin camp life. Thoy draw 
Hitorepces troin ilie data tl ey collect on four nature 
tiails. Vliey ciMupare and contrast the camp environment 
with then lunne environmoni. 

The students in our bilinguiil schools sometimes get 
science e\penences laiiglii in Spanish, I have seen an 
armlcNS child smi buiions in a SCIS lesson with her 
ioon. . . . She had while socks on. 

Our cxpeiieiK'O witn the newei ulpliabiM programs 
ciuiloiuis to WalbesscTs evaluatiim ol' AAA.S the 
disadvaiit.i.uod children do as woll as those wlu) are 
adv.uuaged econi'mically and socially. We lind that 



children who \\m no psrsonat {Hmssskms at home 
cove) our niagitets, magnifying tenses, and iHher sntall 
objects intcmiely, 1 wiHli I could get a carload to give 
away* 

htner«city children bounce and giggle in their seatsi 
they have to learn to share, they often pre^^eitt sweeping 
hytnuheses with tittle evidence to sU}^port \\\m, they 
coni|Vte with each other, they beg fur affection aitU 
acceptance from teachers, and they want to succeed. 
They deserve a better chance to learn than they 
sontetintes get. 

Our priiblems lie with the bureaucracy attd 11* 
nancing problems luesent tn large city systems, ttot with 
the children. Their cultural diversities make helping 
them to learn a richer experience for teachers. The 
learning of science processes and concepts is an avenue 
which can be used to improve connnunication skills and 
mutual understanding among all students as they investi- 
gate the environment which they all have in contnum. 



SESSION C4 

SCIENCE TEACHING IN AN OPEN-SPACE HIGH 
SCHOOL 

Maria Pcimy, Science Department Chairmatu Wilde 
Uke High School, Columl^ia, Maryland 

Wilde Uike High School is an open-space, individu- 
ali/ed-progress high school belonging to the Trump 
Model School Program, The school philosophy is to 
provide a per.sonali/ed, self-paced curriculum where each 
student is actively inv.)lved in setting goats and evalu* 
ating progress. 

All science is taught in one large cla.ssruom with 
modern facilities. The staff also has access to audito. 
riums and conference rooms, 

Tlic program provides for four levels of abstraction 
in most of the sciences; offerings range from molecular 
biology and astronomy through biological and pliysical 
sciences for low-achievers. 

Tlio techniques used to individualize the different 
courses vary det^Miding on the type of learner and the 
resources. Extensive use is nuide of UNIPACS, learning 
stations, flow charts, games, workbooks and small group 
discussions, Iwaluation is both oral and written. TlTort is 
made to hold informal, oral evaluation frequently to 
keep in close toucli with student progress. 

In the two and a ludf years of the program, the 
staff has begun to accunmlate a variety of resources. 
However, much more effort is needed to develop 
materials on non-traditional topics and to meet the 
needs of exceptional students on either end \)\' the 
ability spectrum. 



SESSION C5 

MINERALS, ENERGY, AND THE ENVIRONMENT 

THE N.\TURAL RESOURCE PROBLEM, A BLACK 
BOX TYPE OF APPROACH 

John C, {jriffiths. fVofessor, Department o\' (leo- 
sciences, Pennsylvania State Universitv. Universiiy 
Park 
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stent cumpdsitig itie tile unioiuu supioiu on eattit Its 
structure is tevtevveil ihioui^h iilustrative e\aiuples. 

The evpluitatUu) ot' mineral resources an part of this 
systein IS tiacej thmuiih time in leruts ul' its ehangiun 
iU*Har value. This mav he hniked upon as the output i^l' 
u hiaek box» Tlie behavior ol' the hhick ho\ may l>e 
nuuteled au^K using tlie criteria ot* economic itptimi/a* 
tion. tlie outcome is. at best* suboptimah 

huphcatious of this behavioral pattern lor inture 
management and cmitroi ot' mitural resources are e\* 
anuned* 

MINERAL mSITiON OF THE UNITED STATES^ 
1974 

lohn IV Morgan. Jr.. Assistant Director^ Mineral 
Posiuoii .\nalvsis» Uuieau of Mines. Department ol* 
the Inierior* Wasliingtnn. 

The I'niied Slates is the vvorUlN most produeiive 
nation and its citizens enjoN one of the highest material 
standards of living of any people in the world. Materials 
and energy are the litehlood of any industriali/ed 
ecommiy. Annually the United Stales uses over 4 billion 
tons mineral materials anu fuels, or 40.000 pounds 
per person. l>omeslie processed uiaterials v\' mineral 
origin and cnergv are valued at more than $175 billion 
annuallv. and they are derived largely from domestic 
sources, supplemented by imports. 

In recent years the superior proau<.»»/ity of the 
United Stales has also e!U;bled it to giv; foiul and 
manufactured articles lo many other less fortunate 
nations and peoples of the earth. What then is our 
concern with materials at this time? Seeing the bur- 
geoning increases in our mineral demand: from 2 billion 
ions in I^>50. to over 4 billion tons loday. and a 
projected 1 1 billion tons by the year .1000 we are 
getting questions cimcenung our ability U) continue to 
incr ase produclioti sufficiently for the future. Seeing 
the increasing dcficils in our mineral balance of trade 
SS billions in 1^)73 we are getting uuestioiis con« 
cerning khu ahiliiy lo pay for rising mineral imports. 
Seeing the maimer in wliich mineral deposits developed 
abrtuid are being expropriated, naiionali/ed. and other- 
wise pieempled. we are gelling questions concerning the 
'egree to which our economy can rely upon foreign 
materials in the future. 

The United States has but 6 percent of the world's 
population and 6 percent ol the world's land area the 
other ^)4 percent of the people on the other 04 percent 
of the land also want higlier material standards of living, 
and they want to acquire rapidly more of the value 
added by manufacturing raw materials. While our econo- 
my has grown over the years, that of the world has 
increased even more, so that today we are finding ever 
increasing competition when it comes to acquiring 
needed raw materials, while at the same time we are 
finding strenuous competition in selling many manu- 
factured articles in world markets. Two decades ago the 
United States produced abmit one-half of the world's 
steel, refined petroleum, and aluminum metal, but 
today, despite significantly increased domestic produc- 
turn, we produce only abi)ut one-tifrh of tlie world*s 
steeK iMie-fourth of the wnrUPs refined petroleunu and 
i)ne-ihnd of the worKPs aluminum metal. What is to he 
done to ensure mineral supplies for our economy into 
the future? 



tlie ftulurul r^suurci?ia ol the United SUUv's itri' vasi« 
but to be useful to man natural reMuuces must be 
found, devetopedi and piocessed. The natmai reMUnces 
of M\ nation aie rehtUul to its siA\ its geology. an\j its 
iiwation on the earth. Only une nathm the Union of 
Soviet Sociahsl Republics • substantially exceeds the 
United States in land urea, aitd tmty tour oilier \\\\HkH\s 
the Pet»p|e\ Uepublic of <1iina. (*anaUa. Brazil, and 
Australia - have land areas abom the si/e of the I lulled 
States, in additiim to its land area the United States has 
e.vtensive contmental shelves and direct access to the 
seas and the seabeds of the world. The United Stales has 
almost eveiy type ol geologic formation within its 
borders. The climate i>f the largest part of the United 
Slates is temperate, and the United States also has areas 
with tropical and arctic climates. 

.As a ciuisequeiice of its sl/e. geology, and geo- 
graphv the United St:iies has vast resources of: rocks 
and ininerals. soils, subsurface lluids (including oil and 
gas), waters, and air. (hn forebears believed that 
resource development could best be accomplished 
through private initiative, and they framed early 
homsiend and mining laws accordingly. The good farni* 
lands and thnberlands and the high-grade mineial de- 
posits that outcropped on the surlace naturally were the 
first to be acquired by private owners and developed. As 
lime passed, future land ami nUneral development of 
necessity was rquired to operate on ever poorer lands 
and ever leaner mineral deposits. I'oriuiialely. our 
national ingenuity, borrowing strongly from science and 
technology developed earlier abroad, and slinuaaied by 
laws which provided iiieeiiilves recognizing the impor- 
tance of the extractive industries, has enabled the nation 
to keep on devehiping natural resources^ some of which 
are of declining quality. 

To emiveri natural resources into useful materials 
technology must be continuously improved; the lech- 
tiok)gy must be workable at reasonable prices: the 
processes must be compatible with envinmmental regula- 
tions and industrial health and safety standards; and the 
business must yiold profits comparable with other 
economic aetiviiies. Mineral deposits gLiierally are harder 
to find and assess than forests and other agricultural 
resources, because most mineral deposits are located out 
of sight below the earth*s surface. The world's deepest 
mines have penetrated only to about two miles in a few 
places; its deepest wells only to about six miles in a few 
places; and current dredges operate in only a few 
liundred feet of water; yet it is nearly four thousand 
miles to the center of the earth. 

Through the study of geological maps and the 
making of complex geophysical and geocheniical mea- 
surements skilled geologists can. in some areas, infer 
wli:'l lies below the surface. Obviously, in areas where 
the rock strata are relatively uniform and cover many 
square miles, inferences as to what may be found helow 
are better than in areas of very complex geology where 
heat, pressure, and earth movements have greatly de- 
formed tlie rocks. Mineral deposits that have been 
found, adequately drilled to determine their content of 
v;iluable minerals, and that can be mined, processed, and 
converted into usefiil materials with known tecliiudogy 
at reasonable prices are called **ores." and the quantita- 
tive content of the valuable minerals therein are called 
'Reserves.** (lixample: the rocks of the earth's crusi 
aver;ige 5 peiceiit iron: the United Stales has vast 
resources of rocks c«Mn;nning more th;m .S percent iron; 
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the iron otv tesouvs nl tho Unlicd States are 
I «»iMH),mM)»UUt» tons, which in turn Ciiiitain 
2i<HUK0U0,(UH) lows o( icciWriihle (run metal, CiiinpaaHl 
to IKS. steel production of I.VVUOO.UOO tuns i\\ \^n2l 
Agricultural niaierials are generally renewable in 
relalivelv HluHt-iune jipaus, in that m\w can be 
raised toui or live times a year, annual cvcles are 
comnUMi. and soli wood trees can be raised on fifteen to 
twenty voai cycles. Mineral deposits, luiwever, normally 
are lormed onl> over nuicli longer poriods of tinte 
usually tens of million:' or lunuireds i>f millions ot years. 
t*onsequentlv, the total supply of all minerals accessible 
to man in the earth's crust is, to all practical pmposes, 
reliitivelv fixed, and hcpce mineral materials arc gener- 
ally of jireater concern to natitms with heavy industry. 

The naturally occurring eUMuents are fiiund in 
natuial materials some in animal materials, some in 
vegetable maieri;ils, and some in minerals, (lixample: the 
element carbon is in the flesh and bones of men and 
beasts, in the celluhise, starch, sugars, etc., tif plants, 
and in limcsitme, and other rocks, in coal and petroleum 
and natural gas). Consequently, for many elements, 
there are a wide variety of possible sources, but the 
technology for extracting the element from different 
sources varies greatly. On the contrary, fiu many other 
elements there are only a very limited nuniber of 
sources, and this is particularly true of metals and 
minerals possessing unique properties of specialized 
application in mndern leclmology. (lixample: most high 
temperature metals). Other than in nuclear processes, 
elements are neither cieaicd nor destroyed man*s 
piocessmg merely combines them in certain ways, 
recombines thenu ov reduces combinations into eleinen* 
tal form. Thus, the tnaterials industries are engaged in 
extracting elements from natural materials, and/or com* 
bining or recombining them into f*orms mure useful to 
math 

Nature itself is constamly engaged in vast proccs* 
sing activities, in which the "carbon-oxygen*' and "nitro* 
gen" and '^bydrologic'* cycles are maj(»r examples. For 
most purposes there are great interchangeabilities in 
materials. (f*or example: rubber can be made from: 
natural latex from rubber trees: carbon and hydrogen 
from alcoiioL from grain, or from other agricultural 
materials: carbon and hydrogen from hydrocarbons from 
petroleum, natural gas. coal, etc.; and buildings can be 
CiHistrucied from: steel, aluminum, copper, glass, stone, 
slate, concrete, tile, WiM)d, plastics, plywood, ai*.d many, 
many other materials.) However, in specialized tech* 
noh)gicaI applications in which a nudtiplicity of prop- 
erties are required, (for example, a combination of 
strength, electrical conductivity, temperature resistance, 
corri)sion resistance, and creep resistance) the available 
materials are nuich more limited. 

Ti>day, improvement of domestic productivity in 
the nnning, minerals, metaK nuneral reclamation, and 
energy industries requires accelerated development of 
new and improved technology and rapid introduction 
thoret)r into all stages including: exploration; mining, 
and petroleum and natural gas production; processing; 
use; and recovery and recycling. In all of the above, 
appM>priato provision msut be made for the health and 
safety i)f workers and for enviromtienial enhancement 
through: minimi/mg air. water, and land pollution; land 
restoration; and osihetic improvement. 

The full resources ot" industry, government, and 



acudemia ttuist be brought to bear on current tnuiur 
imibiemst including: 

K Dlsciwery and assessment of res4»mves prejiiintly 
untouched by our deepest ttiincs and wcHs. 

1 OeveluiMttent of safe and efficient ci>al mining 
systctnsi to siigliitkuntiy hicrease underground ex* 
traction ratios from the present level of about 
one«ludf, 

3. Develot^ntont of impriived petroleum recovery 
methods to significantly increase extraction ratios 
above the present level of about une^third, 

4. l)eveli)pment of underground and surface miniitg 
methtuts to minimi/c degradation of the laitd 
surface, subsidence, and harm to surface and 
subsurface waters. 

5. Develot^ment of clean solid, liquid, and gaseous 
fuels from coal, petroleum, and other energy 
materials. 

Impriwement of combustion processes to increase 
efflcieticy and to reduce emissions of fumes and 
particulates, 

7. Improvement of electricity generation, transmission, 
and conversion methods. 

8. IXwelopment ot new energy sources including geo* 
thermal and solar. 

9. Development of stronger, lighter, corrosion-resistant 
and temperature-resistant nuiterials. 

10. Improvement of recycling techniques to conserve 
natural materials and energy, and to promote 
environmental eniiancement. 

11. Stimulation of measures to conserve energy and 
materials in actual or potential short supply* 

Over sixty years ago a great mining engineer, 
Herbert Hinwer, concluded his '^Principles of Mining** as 
follows: "To the engineer tails the work of creating 
from the dry hemes of scientific fact the living body of 
industry. It is he whose intellect and direction bring to 
the world the comforts and necessities of daily need* . . . 
Engineering is the profession of creation and of con- 
struction, of stimulation of human etTort and accom* 
plishment,** The needs of the prcsetu and the future 
make his words cvimi more appropriate today. 

Referenct 

1. **Mining and Minerals Policy 1^73, The Second 
Aimual Report of the Secretary of the Interior 
Under the Mining and Minerals Policy Act of 
1970." 



SESSION C-6 
THE THREAT TO SCIENCE TEACHING 

C. Noonjin Walker, Academic Vice-President and 
Associate Professor of Chemistry, Pensacola Junior 
College, Florida 

For a half do/en years I was a member of the 
science faculty at a junior college, before that* a higli 
school science teacher. I read science journals, at tended 
SLience meetings, and talked with science tcacliers. I had 
a very good feeling about the future of science teaching. 

Then my job changed. I read about .science but it 
was not written by science teachers. I attended meetings 
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' about science - but lliey wore not ciMtilucicd by science 
teachers. I talkeU about science teaching but not witli 
science teachers. Now, I do nut have such good feehng 
about science teaclUng. 

I see sytupiiiins of science teacliing being on the 
edge a serious sickness. Uy sickness I do not tueun to 
imply that science teaciiing is biuLi>r to be condemned, 
or that If should be ••junked/* I mean it is just as if I had 
said it has pneumonia. There is a germ, and our 
resistance is low. The germ has always been present hut 
this particular strain is especially virulent and prevalent. 
Although science teaching got a special vacchiation in 
h>57 that carried it healthily throughout the decade i)f 
the M\ now, it is worn out, Our resistance is lowered. 
Wc have probably gone too far for a simple booster to 
work; what we need to do is re-vaccinate. 

I sec three symptoms and I want to share my 
observations, my diagnosis, and my prescription. These 
symptoms describe a threat ;i threat to science 
teaching, a threat to laborator>' instruction, and a threat 
to general education. The germ causing the problem is 
•*money." or the hick of it. 

Science instruction is expensive because of the need 
for materials and space, the low student-teacher ratio, and 
the long insiructional hours. And. if science teaching in 
general is expensive then the science laboratory instruc- 
tion is one of the primary reasons. Yet. we insist on the 
continuation of ihe science laboratory experience be- 
cause it is essential, but to whom? And, for what 
purpose? 

If we ask ourselves to list the objectives of the 
liibnratory experience, what would we develop? Many 
are purely content i^bjeciives which can be accomplished 
nun ecomimically iii the classroom or by demonstra- 
tion. The di»cmnentation of this accomplishment is quite 
abundant. |.M | In addition to the content objectives, 
however, there are the "p>*^>^'^*'^J^ i^bjectives'* or ''methods 
of science i»bjectives" which can have a high degree of 
validity. Yet we are hard pressed to show where the 
instruction related to these objectives is in the 
laboratory experience. Again, research shows that al- 
tlu»ugh these "methods-! v pes'* of objectives are often 
articulated in the syllabus, seldom are they overtly 
taught and even less frequently is the acctnnplishment 
measuied.(sl Yet, when articiiiated. taught, and mea- 
sured, the accomplishment can be documented. Wliere is 
OUT science lab manual which lists the objectives to be 
accomplished for each experiment along with the mea- 
sures si» that both the toacher and the student know 
definitely what we are attempting to accomplish? Tims, 
our first line of resistance; clearly defined, measinable. 
nonvimteiu objectives, is lacking. 

Tlie public is looking for ways to decrease the 
expenditures Un higher educatitwi. During the decade of 
the expenditures !\)r higher education increased 

IriMu billion per year to SU)..^ billinri while the 
enrollment mcreased from 2..^ niilliim to 5.7 million. |7l . 
In this ten-year period we sec enrollment m lMi»her 
educituui nicrcisine by 147 percent hut the expendi- 
tures fin higher educalinn inci easing by .Ul) percent. 
Obviouslv, one cannot expect the relationship to con- 
nnue. 

Blue ribbon ctunnnttees have been established to 
make recommend.it it wis regarding the futuie of higher 
education. RegreitabU. they propose ama/ingly similai 
soliuto!is. The Carnegie Connmssinn reciMnmeiuied that 
the tout ■> eat b.iccal.iurcate degree be reduced U) thiee 



years. A savings of 10 tii \^ percetit hi general eN|KMises 
and a M) percent decrease in capital i»»nlay cotild be 
reali/ed,pl Soenthnslasileally has this been receded that 
some legislatures have come within a breath of legis* 
tatina the cttrrictthttn change. The (\Minnittee foi Mcoito* 
niic Development has recommetulcd to the Congress that 
college tuitum be increased until the student is paying 
SO percent o\ the Instructional costs to Ik* acctuti- 
plished within five years. This will represent a 5H.^ 
percent increase in university tuition; a 4^J4 jKMcent 
increase in the four-year college tuiiton atid a 416 
IK'rcent increase in junior college tuition. (()| 

Another proposal goes one step further, Ihuler a 
plan called, "full cost pricing/'l.Sj students will be 
charged tuition in pri^portion \o the cost of the 
discipline based on the argument that *\i student in 
humanities subsidizes the student in phvsics. This is 
inefficient and inequitable,'* A model developed on data 
at the University of Mimiesota shows the costs of the 
Liberal Arts Program to be per year; education. 

$2X00; and biological science. S.V^OO. The statewide cost 
analysis of junior college instruction in Morida shows that 
the bioh)gical sciences are 15 percent more expensive than 
the st)cial sciences and that physical science is 22 percent 
mote expensive. 

What will be the effect on student entollment if 
full-cost pricing gi^es into effect? If student tuition 
reaches the projected 50 percent? ('ombine these factors 
with a •Vero growth" population, and wo liave a detlnite 
leveling of enrollment wUh a commensurate leveling of 
operational funds. IxM us examine briefly the impact on 
a science department with level enrolhiient and leveled 
funding. 

Operational funds normally fall within two catego- 
ries; salaries and supplies. If the total amount of money 
remains constant then these are the only two variables. 
If either variable changes the other must react. To 
increase salaries the money from supplies nmst decrease. 
But. we know that supplies continue to become more 
costly and hence less money will be available for salary. 
To contintie operating with less money for salaries the 
number of faculty can remain constant and the average 
salary tlecrease or the salary can remain and the luimlKM 
of faculty decrease. Neither is a palatable proposal. One 
other alternative is available and that is to decrease the 
supply money by redefining laboratory instruction as an 
experience for the nonscience major only, is this what 
we want? Not really, but onr allegiance must be to the 
science major and. of course, our colleagues. We will 
say. with great regret, that science laboratory instruction 
is reserved for science majors. Is this the first washout in 
an erosion we later will not be able to check? 

Aside from the tuitimi changes, a great deal of 
attention tuis been diiected toward the 'Viedentialing of 
previous knowledge" which is lusi a fancy way nf saying 
"credit by exam." We know of ihe Advanced' Placemein 
Program. C'ollege Hoards, and the College l evel lixami- 
nation Prtigram (Cl l-P) These programs, especially the 
latter, liave succeeded in redefining: gener.il educatioti. 
I'ormeily. we referred to iicneral education as those 
experiences (usually cmirses) which pnuiuced the well- 
rounded, critically thmking. enlightened cili/en. who 
because of his breadth of knowledge eiuild beiier 
understand his role in life and who co!isei|uently cnuUl 
peilorm m a more productive maimei for iiimsell and 
society. (T.I'P. for example, proposes thai because .i 
person has performed in society aiul has aupuied a 
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hiiVi* ih\s ^iMiiMtit i'ilu iitU ;i wrcdinttiatoit hy ttic besUnval 

tl.M* oxmiiiiiaiuins m In two UHin%, Une In a 
siibiwvi c\ami«uiuit» jiUvU as in vhcaihtry. al»i6bra. 
atnoiuaii hiMMi>» It ^slnnan oi,L»hsli, Tlu* utiwi ilio 
Uonoial l-satninaUan hs which iho suuUmu can earn a 
>cai ut \itK\\\i in each oi live ^tifliMcni aioani un*? of 
which IS math and one of which in natinal \ciena\ 
l u*ht\ jwiconi ot the students taking the VUV evant* 
nuition lake the iienetah Are these exaim jHipuhn? 
Iuk\\W Uu vour^eli; In appioNhnatelv bXM) 

siiuleuis uuik the VIVV examination, In it 
nioieased to 21. mil) ami in |07: ti» ahnost (0,lUK) 14| 
And with lejjaid to money, the exaniinaliou piojsiam is 
the dcli^lit ol the lejiislatine an\l the la\'pa\in^ inihlic. 
Si xty.jsso* thousand esantinations onild moduce a 
nnlhon semesioi homs of* ciedit even il only halt ol* the 
people pass thein. Ttanslaie the milttoti hours u\ dollais 
saved and sou have a si/able lunik ol nntnev. In Hoiida. 
m Kill l*)V:. .VOUl) hours of lieshnum enjihsh in the 
uni\efsj|\ sssicm were earned Ihomtth (i.lilV Three 
thousand horns is a lot \\\ teachers. 

I)i) Mui misundeisland, t am not ciitict/ing the 
e\anmiatii>n pio^iains, such as (1.M\ alllunijjh I person- 
alls do not thtnk that iudy iaetual iniotniathm should 
netessaiily he the sole basis lor awaidhiy general 
education cieuii. Hut we must be honest, they aio 
beaiinj: us at <nn own }jame. We in sciena* have been 
awardinj: credit based on cojjnitive a greater 

knowledjie ol taci. We have igmMed the obiectivos that 
aje muie ditlh'ult to describe. ti» define, and to measure. 
Wo have ehminated science lab experience lor the 
nonsctence maji>i becaiise it was easier to do that than 
to figure i)ut wa\'s of Increasinj* nioductivltv even 
though auduMuhuial labs aie ttot limited by the 
acadenuc disciphne noi aie labs which utilize pio» 
^lanuned instuictum Incompatible with process objec- 
tives. 

Once we have admitted that the laboiat<ny cspeii- 
ences aio lU) K)iiuet necessaiv Uu the iioiisciciue major 
what will Iv ihv* basis tor saviii^i that the lectuie ptMtion 
sliotdd lemam iiecessaiy? In this era o\ "new vncatiima- 
lism^aiul ihe new \\k\\s on piacticalitv \\o we have such 
a vat»ue ami ill-delhied iustil'icalion oC the science 
espeiKMue that we will be unable to detViul it a{»ainst an 
unsvtnpathenc. scienmicaily disinteiested aiiacket'.' 

What Is oti! iietense vviicn Ihe new student asks the 
purpose tO the lequiremenl in science ' '*Why do I need 
this Niiit!'* I K'iM\U\ skip It and I wouki be out earniuii 
mv hviite »nut Lotnributiu}! lo society much sooner/' 
Previouslv . ilie ailnits h;ive mieipreied this civ as sinipi> 
ih.it oi nfie wishme In avi)ui haul work but today he 
ack now led lies iluu the sludeni niav he iij^hi. li he caii [?ei 
I'Ui ol school sooiiei. ;neiri we all bet lei otP* And now 
Ihe public |onis in the quesiionmp.. '*Whal is the bn* 
deal to Ncience'* Ihey have been studyiii!? it since the 
tluid \iiaile.*' Tluis. i|ni!e possibly ihe two allies can 
btini! an end to whal has been a liadilion a liadilion 
ihal knowiedee and an nmleisiaiuimjt ol science aie 
cssenii.il lo ihe a^;cullmallon ol man. And. ihis chaiiiU' 
kwu delnnlelv iKippen lu'cauxe svho spiaks \o\ j»ciuMal 
ediu.iiion' N.iluialls. ihe whemisl speaks li>t ihe cheini- 

nu|ot .tihl the bio|ni»isl loi ihe bio|oi»\ tnaioi htii 
Nvho spe.iks |oi Iho nonscience m.iio}'* Who speaks 
jvnei.ii eihk;tth'H * 

I heuaii b\ poinline lo svinptt>nis. I he pio|nH»sis is 
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tlial it k\\ tmutteiiiicHi they euuiJ lead to u ^eveic 
liieknc^^v* oita which could result (n ttte denthe k\( college 
Kvienci* huiructknt wc know it tinlay a Ucmlse ut* 
kind anvt i!eRti?e. My |uejicHpiU>n siinpk^ us oxm^w: it 
tesH iUHpte to aw%HUiipltsii. First we titUHt ^mn^ i\w 
uniqtie iibjeeiivt)i of our ^^t'ieiwe oiKirucMon; we mu^t 
overtly teaVli l\u *he objec e- 's; aad, we luuM diieument 
by ineaHuretnent the aecon(|di.;'mtenl« lovd Kelvitt ex* 
prated this t^^'^vtiptiiui very ap|iiop»iaidy svhen he 
i^aidi ''When you can measure what you are speukini** 
about I and svxptesH it in nttmhcrs. you kmwv HiMuethlng 
about ii» hut when yi>u cannot ineasiiie it ymn 
knowledi'e is of nteajter and tmsatislaciory kind/* And 
second, we must keep in mind the neceii^ity ol* pti^ 
di^ctivity; we nnisi increase our capacity to acemmno* 
date tlie needs of more HtudeniH yet May within the 
parameters ol' fiscal lliniiatiiMi. . We ean Itulivldtiall/e 
iiisirut;iion; we ean siinuiaie iM)e«io<one tutele(;e; we can 
cieute meanhiistul laboratory e\|)erieiices lor general 
education stiideins that really ttirn them on: and we can 
ifuptement selt*naeed. mediated science eirurses fi>r the 
science tnajoi that will give hint learning opportunities 
tai beyond those of the last decade. 

Ilie threat to science edueatli>n is real: btit with 
ihis re^vaceinatioiK its resistance ean be reeMablished* 
And, Ihe vigor and vitality we have grown accustomed 
•o exjvct will lu» iUHured, 
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SKSSION C-7 

PHYSICAL i:NVIUONMi;Ni AND THL NATURAL 
SCIIiNCliS 

Lawrence J. Stephens. Assistant Piol'esst)r of* {*hem- 
isiry. I hniia Colle^ie. I liniia. New York 

I'indlav ('t>tleee has (ievvlo|H\i a iei)uire<l science 
course toi iu)nina|ors. While the cmnse was deveh>ped U) 
fit the neeils aiul lonsirainis at a paiticular colle^a\ an 
esannnalion ol our cspeiieiuvs may prove usef'nl it> 
oihers aiteinplnif! to deveh>p similai c<uiises. 



A bottei uiutcmaiultng tlu^ rote this anmo must 
|)lav is {Ui)hahly turihered by tim Uuikiii^i at the setting 
. tor the auirse. I'liullay College is a situill (*)l)nK 
cluticli*related liberal arts college \\\ imrthwesterii Ohiti. 
A rather small number of students come from the 
spoiisiMiut: ileiiuminatiiMt. Admission rei]uirenteiu& are 
low. 

l\\ the College adopted a new calendar and a 
new academic program. The new calendar is the 3-.* plan 
in which a student takes three courses dtuing each ot' 
three term.v l or graduation a student must pass out 
of ^(1 courses attempted. There are no credit hours aiul 
all vouises count equally toward the M^, A student n)ay 
exercise a credit/iti> credit grading optiott in up to six 
courses outside of his major. The 36 CiUirses are 
theoretically to be divided into 1/3 for the iiiajor» 1/3 
for electives, and 1/3 for the Liberal Studies Program. 

The liberal studies program was also initiated in 
1%^) and was *\lesigned to be responsive to the needs 
of students iit a rapidly changing society and to new 
developments in the understanding of learning/* The 
progrant consists of two parts. Six of the twelve courses 
which the student takes in the program are chosen from 
a bank of electives. Courses in the bank include 
traditional courses like geiu'ral chemistry as well as 
courses deveK^ped specifically for nonmajors. The 
natural science division has developed current topics 
courses for noitmaji^rs ii! chemistry, physics, and math- 
ematics. There is a distribution requirement, as a result 
of whicli nonscience majors must take at least two 
science electives. 

The other part of the liberal studies program 
consisted of six required courses. These courses covered: 
physical education, awareness and expression, humanities 
and fine arts, social science, physical environment, and a 
critical analysis of values. The lecture portion of the 
physical education course was dropped due to student 
und faculty dissatisfaction and the course now consists 
of three terms of physical activities. 

The science course should be takeit in the junior 
year, although maity students take the cotirse as seniors. 
The college science background of most nonittajors in 
the course is two courses or less and many students will 
have had no college-level science or ittath backgrouitd. 
The student/faculty ratio is about 85 to 1. 

Cinirse objectives are similar to those usually given 
for courses of this type. That is, there is a greater 
emphasis on the ntethods of science and the role of 
science in society than on technical knowledge. 

For the first two years the course was taught, th? 
topic chosen to use as a vehicle in meeting the course 
objectives was oceanograt)hy. The class was taught by i 
2-nian teant front biology and physics priittarily using 
the lecture method. Audiovisuals were used extensively. 
Thirteen questions were distributed on the first day of 
class and it was announced that live of these would be 
on the final. A term paper on some topic related io 
oceanography was also required of each student. 

In an attentpt to increase student iitvolvemeni, as 
well as to increase student faculty contact, a new forntat 
was used for the course during the 1071-72 school year. 
Tlie course was divided into five two-week segments. 
During each segiticitt one faculty member was in charge 
of a small grotip of approximately thirty students while 
the other faculty member taught the rest of the class. 
The topics for the small groups were: what is scieitce?, 
computers, two segntents on pollution analysis, and 
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photitgraphy. Tile topics foi the targe groups were: 
watet pollution, air t^nllution. populatiiuu pholograpliVi 
and environment and the oil industry. Students were 
permitted to pick one small group on a first«conK\ 
first •serve basis. Thus a student wotdd be in the large 
griiup for eight weeks and the sntall group for 2 wccks^ 
unless he ilecided to stay in the large group for the 
entire term. 

The segment on computers was taught by the 
director of the college computer center. Executives from 
Marathon Oil Company, which has its headquarters hi 
I'indtay. taught the segment on the oil industry. This 
module covered the oil industry trom exploration to 
marketing with an emphasis on the environntental 
aspects of the various areas of operation. 

Durtnu the spring of \^)^2^ an evaluation of the 
liberal studies (LS) program was carried out by a faculty 
committee. The committee attempted to determine the 
extent to which the goals of the program were being 
met and to ascertain student, faculty, and administratioit 
attitudes toward the program. 

Student perception of having achieved the *\iware- 
ness** goals of LS 5 were greater than in the other l.S 
courses. Student responses indicated that the classes 
were well planned and that the outside readings were 
valuable. While there was some indication that the 
course was too difTicult, students felt that they could 
get all the personal help they needed. There was some 
indication that the classes were seen as being rather 
inipersonal and that inemori/ath)n was stressed. 

Changes for the 1972-73 school year were ahned at 
increasing student htvolvement by trying to look at 
science in terms of the individual. Thus we wanted 
students to look at sciettce on a more personal level. 
Uxclusive use of targe lecture sessions did not seem 
conducive to this individualization of the material. 
Discussion sessions seemed to be a better fonmxt to 
achieve the goals of the course, Homemakers f>om the 
commun.Tv who had science degrees were invited to be 
discussion leaders. In addition three students enrolled iit 
a semii.ar in Loilc;»e were also discussion leaders. This per- 
mitted us to bicak the class down into groups of twenty 
without additional faculty load. 

The two-week minicourse format was continued 
with soitte changes in the topics. The n^tiicourses were: 

1. Philosoplty of Science. The approach was two 
pronged. A member of the English statT discussed 
science fiction and its relationship to science. The 
methods and role of science were also examined. 

2. Photography. This segment was designed to help 
the student sec photography (a) as a means of 
expressing himself, (b) as a means of viewing the 
envlronitient, and (c) as both an art and a science. 

3. Hitvironment and the Oil Industry. The manager of 
the Environmental Control Division at Marathon 
Oil Company agreed to take charge of this segment. 
Experts discussed the environmental problems of 
the oil and transportation industries. Students 
discussed their role in the environmental problems 
associated with energy consumption. 

4. Air Pollution. The causes and effects of major air 
polluiants were discussed both in general terms and 
as they related to the individuals in the class. 

5. Science and the Quality of Life. This segntent was 
an attentpt to encourage students to look toward 
the future, what is nteaitt by ''quality of life?'' 



What o»ti\l will inctvmul use of maioiluls, CHcipy, 

iUhI iwvlmulogy lutso un luiuio Itlo** 
Somo ol the iulvaiiiitjics wc luivc seen in using ilio 
Ulsvussioii fmniiit Uuiiulc: inctcusvil siudoiit in\olvoiiuMU 
in \\w auiisc. iiwieasod suuloiii awaioness uf ilioti lolo 
in swUMuv-iolatal puiblcnis, doucaNcd reeling iliai 
svience is a wollewU^Mi ul lads, aiui inwieasoil lowH.jiiiwn 
wiHtpoiation. 

SESSION C*S 

COMPirrER.ASSISTKD INSTRUCTION 

Hnue Aino Sherwood, Assisiam holossoi ol 
Physics ami Coniputci-BuseU I duealion, llniveisU> 
ot illitiois at Urhaiui 

riieiv aie collcue science couises in cheniistiA, 
pliSMcs. coiMputei science, and medicine which inchide 
an hou! km iwo pet week of con»piiroi''l>ased education 
piovuled hs the PIAK) l\' ss.stoni. IM.AU) is used to 
fuloi sindonts, lo sininlate complex phenomena, to 
puclice lahoratoiN work, to holp with Ienj»lhy calcuhi- 
nous, etc. iMensive use is made of interactive urapliics. 
Tlie IM.ATO l\' system is based at th^' University of 
IMiiiois. I'lhaiia, Colleges and universities presently on 
ilie IM.ATO network include: Universiiy Ijjiuois, 
Chicago Circle; Ke!med\*Kmg and Wrigiu City Colleges, 
Chicago; Paikland Community College (Champaign, 111.); 
College ot Dupage < Illinois i; Purdue University, West 
l.atayelie and I'ort Wayne; Indiana University; Illinois 
Slate University; Northwestern University; University of 
Iowa: Iowa Slate Umversiiy; Massachusetts Institute of 
Teclinolog>; and Stanford University. 

SESSION C-9 

DEVELOPMENT OF A NON-AUDIO AUDIO- 
TUTORIAL APPROACH TO THE TEACHING AND 
LEARNING OF ELLMENTARY COLLEGE PHYSICS 

Hernard I. Schr,iutemeier» Professor of Physics, 
Meraniec Ctwnmunity College, St. Louis, Missouri 

Diirnig the ^ununer of I^os iwo inembers of ihe 
phvsics department of Meramec Couuiiunity C\>llege in 
St. l.oujs working lull time tor six weeks each began to 
design a multi-media approach to replace the lecture 
method. We decided to rewrite the entire course and to 
use the andio-tutorial mode of iiistruction. which has 
been used successfully in various biology and cheinistry 
courses ill Meramec. The use ot this method, of course, 
almi»si gUiiranteed the complete imegration uf lecture 
anil laboraiors. In reirospect. t believe we were quite 
^^pinnistic iUki perhaps quite foolish in believing that 
Willi twelve man weeks of time we could even begin to 
accmnphsh whai we hail sei oui lodo. 

In aiiN case, m the l;dl of 1^)6S we began to otter 
our nuilti-media couise to a group ol* about thirty-five 
suidents. Sitice we believed that all i>f physics in some 
way or other involves the study of motion and of all of 
ihe taciors influencing moiion. aiid. since we believed that 
the siudenis should be e\pi>sed as soon as possible to 
the general prniciples underlying all of physics we 
locused »>in attontiiMi on measurement and the conser- 
v.ition l»i\\s durnig ihe llist semester of our two- 
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semcsUM* eiglM»semeHUM'»liuur otuirse (the secmiil swMues* 
ter was taught via iho iraditional lecuiie-lahoratoiy 
meihodl. Measuiement is obviously needed to delect 
motion and the ciuiscivation principles normally ttivulve 
moving obtects. 

Now let me describe brielly the organi/atiim ut* the 
hM^S class. In the audlo-tuioiial Instructional inode of 
instruction theie me normalls no formal lecture periods 
as such. We met the sludents as a group at the beginning 
ol the week for an oriemaiion session. Workbooks, lab 
books, and other materials neoded for the coming 
weekN work were usually distributed at this Monday 
meeting. After this orientation session the students were 
on their own until the latter part of the week 
Wednesday or Thursday, usually. The students were 
made entirely responsible for scluHluling their own time 
m the audio-tutorial multi-medla laboratory roiMus 
during the course of the week where the real learning 
was to take place. 

The audio-tutorial inultiMnedia lab was open at 
certain specified hours durinu the week, usually the 
morning hours K through 12, We expected each st'udeni 
to spend six lo ten hours per week in the laboratory. 
When the student came into the lab he sat down at'a 
study carrel or a laboratory table where he found a 
self-contained tape recorder or a remote control unit 
connected to a central bank of tape recorders. The 
"taped program imit'' to which the student listened 
formed die heart of the unit under study. It contained a 
set of instructions that guided him through the work of 
die week. Via the tape he was told to study certain 
sections of liis text or some other printed materials, to 
do certain exercises and to answer certain questions in 
his lab nianuaK to view certain tllmstrips or single- 
concept nims, to perform certain experiments using tlie 
various pieces of apparatus that were found in the room, 
and so forth, Tlie taped program unit was highly 
structured tor some units while relatively open-ended for 
other units. 

Experience with this instructional method at Mera- 
mec Community College in both biology and chemistry 
led us to believe that it was mandatory to divide the 
taped material into small segments, each usually less 
than 4 minutes in length, At the end of each of these 
segments the studeiu was instructed to perform some 
given activity. Above alK the taped units did not appear 
to be recorded lectures. 

Toward the end of the week, as mentioned above, 
the students met with the professor in small groups of 
ten or less. These sessions lasted from ,^0 iiiiiuites to an 
hour and student attendance was semi-obligator> . Tliese 
sessions addressed themselves to the problems i.nd 
difficulties that the students may have had in *!;e course 
of the week. Students were asked to exphiii various 
tilings that they had done in the lab and in some 
instances assigned work was collected and discussed in 
these meetings. Many times these sessions turned into 
seminar iy[»e meetings and enabled students to see 
relationships which were not at all clear to tliem while 
they were going through the taped materials. Tlieso 
sessions, of course, could have degenerated into iiiinia' 
lure lectures where the professor expounded at the 
podium for most of the 3045 minutes. Needless to say, 
this was avoided, Hiese sessions also served as a vital 
feedback mechanism and often provided clues which 
enabled the instructors to clarify the materials of the 
umi under discussion. A test oii the week's work was 



held utt Friday. Hite \m was ium*rtipeutublc because of 
ihc pivsMires ot* time. 

At the cud ill' tins tlist trial sctno^tet it was tiUittd 
that there was cottsiderahle unlianpliuvss on the part o\ 
tlie siuvlonls. The instructors ascrined this to the crudity 
oi the materials and the ttesvuess ot^ the experimental 
technique. Duriim the smtimer tH* UKW tlie materials 
weie extensively revised. Another irial was made dtiring 
the tall ol l^6*> with a group o\ appr«»ximately 40 
studetus. The ueneral respottse was somewliat more 
favorable but the students were still railior displeasvJ 
with ilie taped version of the course, Tlie itistructius 
again ascribed this to the crudity of the materials and 
thought that tlui^ugh another revision and an expansion 
of the materials U\ include an extensive list o\ behavioral 
objectives the course CiUild be significantly improved. 

The behavioral objectives wore added and the 
course was again tried in the I'all of l^no. The general 
student response at the etid of this trial was somewhat 
mote I'avorable than in tlie preceding two trials. The 
biggest objection ceiuered around the taped materials. 

In the fall of |07l the course was offered for the 
fourth lime using a different set of tape recordeis than 
had been used in the previous three trials. Problems with 
these recorders the portable variety were so great ihal 
the mstructt)rs were forced to abandon the taped 
materials and to merely give the studeiHs a copy o( the 
script from wluch the tapes were recorded. The siudents 
seemed to be nuich happier with this and performance 
in the course improved somewhat. Thus, the course 
began to use a **Non-Audio Audio-TutoriaP* format. 

In the fall of U)72 the course was again offered, 
this time to a group of about 40 students. No taped 
materials were used whatsoever and each week, the 
students were given a workbook, a script, a list of 
behavioral objectives and various data sheets on which 
some of the experimental work was to be recorded. The 
instructor contimied to meet with the students for oral 
seminars but the luunber of students in each seminar 
was expanded to approximately twenty-five because of 
the pressure o\' time. 

l-ssentially the same procedures were followed in 
the fall of \^n} with a group of hO students. 

Some of the lessons we have learned through the 
offering of this course are: 

1, Students enjt)y the llexibility offered by the course. 
They like to come into the lab at their own 
convenience and sta\ as long as they wish. 

2, Sludent^ seem to enjoy the more integrated picture 
that they get through the approach that we are 
using. Tlie students seem to benetlt from the ability 
to Jo the lab exercises when they fit in with the 
material rather than wlien they tit in the tradi- 
tionally structured laboratory schedule. 

3, Perhaps somewhat surprisingly, the siudents seem 
iii have a real dislike for taped materials in such a 
course as this. The> overwhelmingly prefer printed 
materials. 

4, The preparation and supervision of such a course 
forces tlie instructors to sit down and carefully 
fornuilaie a set of objectives for their courses. 
\'um\ tins listing ni detailed course objectives we 
teel that many benefits and improvements are 
found to come about in the instruction offered to 
the students. 

5, The student is geneially introduced in a hands-on 
w,i> to a wide variety oi instructional materials that 
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he oiherwise would onty see from a dtitanee. Maiw 
of the common demonstration experitnents whicit 
are usually di)iie by the professor in tViint of u large 
group of students are set up iit the lab aitd are 
actually done by hidividual students. This seeitts to 
provide a better feel for the subject, 

6. Stich a teclmiipte as this can easily be moditled to a 
complete Keller-type instructional plan Un essett- 
ilally any grade level. Pre-entry tests, pre-tests and 
post*tests (i)ti as itutividuali/ed a basis a:i is desired) 
cati easily be incorporated itito the systetn. tti fact, 
in a sense, this course actually uses a lUiiditled 
systetns approach. 

7. This approach requires less htboratiuy equipment 
than the traditional approach. One set of apparatus 
of good quality can in theory he made to serve a 
hundred students. It is no longer necessary to 
purchase lab equipntent in multiples of (>, 12, 
18, 24 or more. 

It's only tair to list the disadvantages of such an 
approach: 

1. The preparation of the materials is a hurrendously 
complicated ji>b. Two to four weeks of work is 
needed U) prepare a one-week unit o( instruction 
this includes the initial preparation and one, two, 
and perhaps three revisions of the origitial materials. 
Since time means money this preparation is quite 
expensive. Also, this is not a job tor those with 
relatively poor backgrounds in physics. 

2. If this approach is lo be used to its fullest extent it 
requires the employment of a lab assistant who will 
be on duty during all the times that the lab is 
i)pen. Ideally, the lab assistant should have a 
Bachelors degr»^e with at least a minor in physics. 
The lab assistant must also relate well \o students. 
For small em Mlmenls this expense is probably 
prohibitive. Ho\/ever, if a physics-physical science 
department can arrange to teach several of its 
courses aloitg tlp\e lines, then this cost factor 
becomes less signifu^M. 

.V The audio-tutorial nuili-media system is rather an 
exhausting experience fur the instructors. 
Is this mode of instruction better than the tradi- 
tional modes of instruction? Baseu on our experience 
with several groups of students we seem to think so. 
However, we must admit that for the relatively small 
numbers of students that are enrolled in such courses in 
community colleges such an approach probably makes 
the technique prohibitively expensive. Tfie grades that 
the students achieve seem to indicate that they are 
doing better under the new .system than under the old 
system although exact comparisons are difficult. 

SESSION C-Il 

CONTRACT LEARNING FOR CREATIVITY? 

b;ii/abeth H, Simmons, ,Science Coordinator, Letlore 
CouiUy ,Schoi>I District, (Greenwood, Mississippi 

Science programs have changed considerably over 
the past one hundred years. We take many chaimels to 
ailempi to aitnin our goal, to educate children, but the 
basic objective is still to develop the child*s awareness of 
his svorld and to develop his ability to communicate 
that awareness. Language is the basic vehicle with which 



A Student jsstiHllatcs science inlurmatitUK expreiises his 
own jsenot;ill/anons» hyiMMhoHen, iiiul ahilltles. languaw 
IS one ot nuiikiturs nuiNi inmetlul aiul iinotul t^uMs; 
tlieiol\Mc» all teachers, especblly eleineiUaiy» shouW 
hecoino mote cinicemed vviili ilic ilcvvlnpnicat ol* 
wonunutitcation skills. 

Science sltulcms need u\ learn U\ read science, to 
svine alnnii science, and lo speak nlnuit science* \\n the 
\o\\u^ studeni. ictdinfi in science may he iiniie difTerent 
lioni reading! literaluie. In some science lexis the facts 
are dense, and students ntust ho trained U\ tind main 
ideas and ^srasp details. A siudent needs U\ he taught 
reading! pioceduics wliicli will help him identily and 
solve science coiKcpts; he needs to he ahle to toiUnv a 
sol of duections lo he ahlc U> carry out various science 
activities. With this awareness in touchers and students 
personali/ed insiniolion will he more effective. 

foil ti acts are just what tile word implies: 

I rhe> lepiesoni a bargain and ctuiimitnioni hetweon 
iwo si»urces o\ input; the teaciier and the learner. 

J. TliON provide for llexihiliiy in ciUitent hiised i>n 
inputs from the teacher in regard to teaching 
strategies, skill development, and guidance. 

.V They provide for HeNihility in content, hased 
interest ami aspiration relative to goal sotting. 

4, They provide fle.\ibility variances in rates ot learn- 
ing. 

5. (*oniracts are avenues for increasing students' re- 
spoiisihiliiy and provide experiences in planning 
and establishing behavioral patterns. 

Vlie thrusi of contracis is two fold progression in 
a cuiricular field and progression in assuming the 
characteristics of a mature, responsible persim. The 
teacher gains a closer view of the child, and the child 
gains a hotter view o\ himself and his capabilities in 
working with coiiiracts. 

This approach has been employoil in reading, math, 
science. l*nglisli. and social studies, in grades 4-S in the 
Lotloro (\uinty School System. 

Personal observation and conferences witli teachers 
aie as follows: 

1. SiMiio students worked Willi contracts well and 
found a groatei oppi>rtuniiy to pmsue individual 
mierost and scionlific skills, as well as to help 
strongihon thoir weaknesses. 

2. Studonis wlio uont finwaril with cmitract activities 
were al\va\s the students with average and above 
learning ability and usually in the middle social 
oconotuic standing. It is foil that these studenis had 
more educational background in their earlier cliild- 
liiMul devolopinoni and wore task-oriented. 

It is believed that when siudonts have been geared 
t») t.isk porlormvtncos they perform better when 
wnrkmi! with siuii activiiios as personalized activity 
cniuracts. 

4. It was i>bserved that the suutents enjoy assisting 
other students who need help as long as it does not 
dela\ progress with theii contract responsibilties. 

5. Students perlnrm on a competitive basis, at- 
tempting tj> ct>mplete one activit\. he ustevl on 
achieven:ent and move t>n to the nest cmiUacl. 
This t\pe \^\ activit> can become boring U) the 
student who lias v(UiipIeled hp. task and is given 
bus\ w«Mk to hold him umd the resi of the class 
has ct)niplcicd them. 



Students who were of Unv siociul economic ieveU 
IwfoniKHl »i a shw pace, and some were not uhle to 
perform at all, causing a greater burden iin teaching 
IKMiormaiice and responsihility. We feel that this tow 
achievement was due lo students' nuor social hack* 
griuuui. Tlu\v were not aware of what a task means 
because of the lack of parental orientatUm at home. 
UnderniHiiisliment and unidentified medical disiirdeis 
also hindered students' prtigress. 

In attempting to adjust to these problems, teachers, 
Ciundinators, and consultants attempted to draw up 
activities on the student's functioning level regardless iU' 
Ids achievement level. Other activities were planned to 
accompany contracts, such as making pii^ects, (doing 
various things with the hands) variiuis tours at^plicable 
to the activity being emphasized, collections and dis* 
plays. These work very well with the children who 
cannot perfi>rin as readily as other students, Hmvever, 
there are many e.xtia activities, other than the contract 
for the average performing student. From further teach* 
er observations, it was concluded that: 

1. The students who were successfiil in achieving were 
about 30 percent of the students in the Lellore 
CiMinty Schools, 

2. It has been observed that contract learning can be 
successful and motivative with cerliun students and 
unsuccessful with others, 

.V Learning ciintracts id'fer an op|K)rtnnity to individ- 
uali/e without purchasing additional equipment m* 
changing class schedules. 
4. Learning Ci>ntracts can be designed to suit the 
student's interest, needs, abilities, and goals. 
Teaching by means of ctuttraci learning can be 
successful and produce creativity if u js implemented 
with teachers who are willing to pursue activities beyond 
iu»rinal class activities, work closely witli students who 
need assistance, and plan daily and carefiilly for each 
siudent contract according to his progress and abiliiy. 



SESSION U i 

TEACHING COLLEGE CHEMISTRY 

THE GENERAL CHEMISTRY EXAMINATION PRO- 
GRAM OF THE DIVISION OF CHEMICAL EDUCA- 
TION, AMERICAN CHEMICAL SOCIETY 

Robert C, Brasted, Professor of Chetnistiy. Univer- 
sity ot Minnesota. Minneapolis 

The fi>rmat and plan ioi preparation of the CJeneral 
Chemistry l*\aminati(Mi is reviewed in some detail. 
Among tile changes contemplated were: 
1. A modest change in format in which theie would 
be a grouping of tjijestion>; acconling lo niajoi areas 
siuilied. These areas (approxiniatelv nine) would 
correspond to general groupings of chapters louiul 
in the most commonly used lexibooks. Thus, the 
teacher Wi)uld iiave a InMier reeling altei evaluating 
an examination .is to the progress made in given 
areas of cheniisirv. A teacher could use llie exam 
for an individual term, specilying that i»nlv ceitain 
ilenis would be part ol ihe exaniiiiation or the 
eniire examination could be ailmniisiered at any 
tiiiie with aieas of i|uesiioning being consideied as 



protostiii|i vaiiuM tiiaii {uisiliMing. In Itie veiiu 
the oxainiiiatioti a)uUl he usod vvlili jjivator conn* 
iloiKv as ail aitvaikOit staiulin{2 oxatuitiathui. Matty 
instituti()tts adtnititstoi the esatntitathMt to tornt a 
basis lot a decision as to vvhctliet a stucletit shotthi 
coitittuie un to a emnse hovinkl the ^enetal 
cltcmistry aioa. A leacltei tnighl Uteti establish 
eettaitt criteria tor quaUt'icatioDs as to vvhetlier a 
sludeftl should go back atui review or satisfy his 
prolK'ieticy iit ceriaiti areas, hi order to arrive at 
reasuiuihle caiego»ies as well as quest iotts that 
would test these areas soitie ten or twelve years ol* 
esainittations were evaluated. Alt quesiiotjs iti a 
givett year were idetiiUled aeeordititi to i)tie ot' the 
nitte aieas esiabli?;hed. The fraeiioii of* the total 
tiumhoi oi question^ was then established aeeordittg 
to these areas atuI the percent o\ the n)75 
exantinaiioii ideiiiil'ied. l or exatnple, the number 
ot' quesiitMts related \o periodicity, {ieonieiry of' 
molecules as well as atomic architecture, appeared 
U) be in the order of IS pereetit. This percentage 
thus established the approsimately 14 questions 
that appeat in the l*>75 examitiation on structure 
and gooinelty. 

2. Another taliier subsiamial change or addition to 
the h>75 esamitiatioti is the incorporation of* a 
laboiatory input. 1*he chairman of the examination 
tor hn5 lelt strongly that some input on a 
student's knowledge of the laboratory was ptKssible 
to obtaiti even though technique itself could tiot be 
easily idoniified or evaluated by a paper and pettcil 
exantination. Professiotuil help was sought for sotne 
questions and for another part of this area a unique 
"sntorgaslnmP* or **bittgo ' type question was de- 
velopcll. Most educattirs in the chemical field will 
agree that a studetH being passed on by ati 
advattced standing exaniinatioti without some 
knowledge of Ins abilities in the laboratory could 
be thought of as marginal to poor pedagogy. 
Sotne lime is devoted to (he discussion of the 
Iniernatioiutl Congress on Itnprovement of lulucatioti 
sponsored by lUPAC and UNI'ISCX) in Wroclaw, l\)laiuU 
in September. h)7.V Tlie chairmati of the I'Xamination 
ronimittee* Ted Ashford. as well as tlie speaker were 
privileged to attetid this Congress and participate in a 
panel devoted to the exatnination processes used by 
various Ci>utiiries tepresetned at the Congress. 



MINUS TEN AND COUNTING IN COLLEGE 
CHEMISTRY 

lidvvard t\ Fullei» Professor of Chemistry. Beloit 
College. Beloit, Wiscoitsiti 

In these days o( smoggy air and stnelly water, of 
chilly homes and frantic pursuit of that last gallon of 
gasoiine. it is clear that the social problems which are 
growing out of applied chemistry and chejnical tech- 
!H^log> will be ameliorated only by the development of 
nunc applications and new technologies. If one accepts 
this poifU of view . (hen we have an important job to do in 
preparing our ehemislry niaiors to play ati adventurous 
part in tomorrow \s science and teclmology. 

But this IS not enough. Tlie energy crunch and 
envirnntnental pollution have diiven liome (o us the 
realization that the most serious social problems generated 



by «pi>UvhI science and techntilogy Involve i«any 
discijilini;. We must become multidlseit)lliuiry \\\ our 
mtthtok and pay cimsidetable attention to what we 
chemistry teachers can do i^) prepare students for careers 
in other sciences, The modern biologist must be well 
prepared In iuganic and biochemistry and be familiar with 
many ctntcepts in physical clienilstry. The modern 
gCidogist must be equally well prepared in atuttytieal and 
inorganic chemistry and several aspects id* physical 
chemistry. The engineer cotKcrned vvith materials science 
must be familiar with many facets of organic, inorganic* 
and physical chemistry. The ettvirottmental scientist and 
the ecologist must be firmly grounded in many of the 
principles ol our science, liven a physicist can leant 
something of value from cin inistry ! 

Hut even if we do * e right thing by these students 
who are embryonic scientists in disciplines other than 
chemistry we have a still more difVicult obligation to 
promote scientific literacy among our students in the 
humanities and social sciences. They are ignorant of 
science* hostile to it, and suspicious of our efforts to 
enlighten them. It will take blood, sweat, and tears to 
make these students realize that science and technology 
are inescapable activities in our culture. We must be 
successful in this task if science is u Hourish, The 
increasing complexities of seientillc probte ns will demand 
ever more financial support for research i we ate to solve 
them, The majority of our citizens are i,ot scientists. We 
must convince them that generous governmental llnancing 
of scientific research is absolutely essential to the welfare 
of the body politic. 

Well, how are we doing? In my opinion we have been 
doing a good \oh of preparing our students for careers as 
chemists but have made only middling progress in 
presenting chemistry as u vital part of preparation for 
practitioners in other sciences* We have taken the easy 
way out by assuming that what's good for the chemistry 
majors is good for otlier science majors, t<u). As a 
consec|uence, enrollments of students majoring in o\\w 
sciences in our courses for chemistry majors have been 
minin)al. Biologists, geologists, engineers, enviromnental 
scientists^ ecologists, ami physicists are taking only those 
chemistry courses which are required for their degrees. We 
ought to do better than that. We should be able to make 
chemistry interesting to them. Can't we get a few of them 
(especially the better students!) to lake some chemistry 
that isn*t required? 

I think we need to offer itiore diverse instruction in 
analytical, organic* inorganic, and physical chemistry if we 
are to fultlll our obligations to scientists in other llclds. 
Then we will have their support and understanding as we 
tackle problems witli multidisciplinary facets. Chemistry 
will then become a more vital part of many scientific 
investigations. I believe that nu»re effort spent on leaching 
scientists other than chemists is both enlightened 
Si !f-interest and an investn:ent in a gotul future for science 
as whole. 

And what abmit our efforts on behalf of students 
with a primary interest in the hutnanities and social 
sciences? lliough we may have made fair progress in 
teaching chemi.stry to scientists who are tiot chemists, we 
have only scratched (he surface in cultivating chemistry 
for nonscieniisls. We need lots of additional pUutghing 
and harrowing if we are to grow a crop of cili/ens who 
respect* even if they do not lully understand* chemisiry. 

We ought to be teaching two or three times as many 
nonscience students as we are today. Within the last ten 
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yoais \vc luivc nutdo loal progress in iiUitHluciiig luinumists 
and siici;il iicientisu tu sioino boU*roci; wiuMuUtry but is 
tluii enough? I tlUnk not. Wo nuist our students how 
chemist ly is apphed tor hiunan honetlt and \uw cikMnical 
technology can be developed io nia\iinl/e these henctlts 
and inininii/c undesirable side effects. \VV need move 
courses t'oi tiotiscienee studetus in applied chemistry 
courses which deal uuno than superHctaily with lutnian 
nutrition, chemistry and the tossil tuel cruncii, chemical 
aspects ot' nuclear energy prvniuctioti. industrial uses of 
iuganic and inorganic chemistry, chemistry and food 
production, chemistry and medicine, chemistry and the 
econonu , chemistry and cleaning up our enviromnent, 

lt\ cas> ti) talk about what we ought to do. It's 
harder ti> do it! 

N ON R E VOLUTION ARY CHEMISTRY: REVOLU- 
TIONARY COURSES 

l:h/abeih S. Kean. Research and Teaching Assistant, 
Depaitmetit of Chemisiry, University of Wiscotisin, 
Madison 

Most of the students at the college level come out 
of an educational system in which "the grade*' has 
assumed an extraordinary iinpiu'tance. 1 would like to 
describe here some efforts which have been made in 
llicmisiry U)7 at the University of Wisconsin-Madisoiu 
to encourage students to learn for their own purposes 
and to remove some ot' the more pernicious aspects of 
"the grade'* upon their learning. 

Cliemisiiy 107 is the outgrowth of a highly 
successful honors course which had been offered at 
Madison for the past five years. Chemistry 107, like its 
predecessor, is intended to be taken by nonscionce and 
nonengineering majors. It is a one semester, terminal 
course: lu»wever» arrangements have been made for 
students 10 enter the second semester of the traditional 
year-Kmg freshman level course after completing Chem- 
istry 107. Tills past semester a mnnber of our students 
came from programs in liberal arts, but a significant 
portion came from business, pre-law, civil enuineering, 
and agriculture. Most of these students emoTled in a 
chemistry course because tliev were required to com- 
plete a specitlc number of credits in natural science. 

Sncli students offer both challenges and rewards. 
Because Chemistry 107 was !U>t intended to serve as a 
foundation course for other work in science, we did not 
need to cover a syllabus which prepared students for 
advanced work. On the other hand, our students did not 
have the vocational motivation that ol'ten stimulates 
learning in the major area of sti*dy. Also, many of them 
came into the course with deficient math and science 
backgrounds. 

The main goal of our course then was not voca- 
tit)nal, but rathei educational in the broadest sense. We 
hoped lt> help our students ct>mprehend and interact in 
a mote constructive way witii the tecnnological society 
in whicli they live. Sucii :» g'vii required that students 
become actively involved in their cilucation. and learn 
for then* own purposes, and not inerely tor an academic 
grade. We arranged two aspects of the course to 
faciluate such learning- subject matter, and evaluation 
procedures. 

Tlie subject matter in the course was centered 
atound tlirec areas only: organic chemistry, bioclie- 
mistry, and nuclear chemistry; the three areas of 



chemistry which have the greatest impact upmi the lives 
of citi/ens. After general hackgrimiui maicrial was 
dovelopod tn one of the aieas, specific ti)plcs of interest 
could be Uiscusscd before moving to another area. 
Suggestions for tlrese topics were solicited from students 
at the beginnittg ot* and throughout the cmnse. The 
schediile was flexible enough so that topics of interest 
that arose during the semester ciuild be included. 
Attending to subjects inherently interesting to students 
helped to motivate learning. 

We attempted to relieve the insecurity and resultant 
coMcentratiiMi by students about evaluation procedures 
by establishing a contract graditig system. Students were 
required to complete 7 of 8 problem sets and reports on 
6 laboratory experiments for a grade of 'T'*; another 
half grade could be earned by completing the Sth 
problem set. The problem sets and lab reports could be 
resubmitted until they were satisfactory. A term paper 
of the student's ctioice could earn an additional half or 
whole grade, A multiple choice t'inal exam could also be 
elected; satisfactory performance earned a hall or whole 
letter grade. This procedure permitted students to decide 
for themselves what their level of involvement would be, 
and with the cooperation of the staff, work toward their 
goals. 

However, even more important than what we did 
evaluate and grade was what we did not attempt to 
evaluate. LxMrning was taking place in this course on 
two levels, favtml, dealing witli measureabie scientific 
skills, and attitudvs and apprvciatiom, which related the 
students to ilieir enviroinncnts. While we had some idea 
of how to evaluate scientific achievement, we had m 
idea how to measure, let alone make value judgments 
about, giowth in attitudes and percej^iions. Therefore, 
we did not attempt to do so. The students knew that 
much of what they did in the course was nongradable. 
Yet the majority of students did attend classes, did 
participate x\\ class discussions^ and involved thetii,selves 
in the learning opportunhies. Since external rewards and 
punishmcms, i.e., the grade, was removed as motivation 
for these activities, we believe that mu h of such action 
and the learning associated with it were self- or 
group-motivated. 

At the end of the semester we requested that 
students fill out an extensive evaluation form con- 
sidering the course goals, format, and accomplishments. 
The response in all areas was favorable. 



SESSION D*S 

PLANNING AND MANAGING A MINICOURSE 

HOW TO PLAN AND MANAGE MINICOURSES 

Joseph R. Barrow, Science Department Chairman, 
Nordonia Hills Junior High School, Northtleld, 
Ohio 

In a world when every moment brings new tech- 
nological discoveries our secondary science curriculums 
are filled to bursting. A school year remains the same 
length. Yet, there is tlie persistent pressure to add 
additional materia! and topics to the existing, over* 
crowded curriculum. If one yields to this pressure, 
should the teacher's judgment replace all other methods 
in ileciding on what slu>uld or should not be taught? 
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What criteria should be used \o decide what UH>ics 
sluuiKt be replaced by more pertinent issues? It is our 
experietice that the tuiiiicomse concept v>llers a logical 
alternative to these dilenuoas. 

A minicoursc proj»iani topically presents items in 
aieas of study in package Tonn. these programs can 
eilhei uu'olve ttie tvKal freedon) of allowing all students 
to choose fioni ifie full variety of siihjecl offerings or 
limit iheii choice by creating sequences and/or prerequi- 
sites. 

It is our luqv here to piesent an itcmi/cd process 
t'u cieating ymu' own mimcoursc prv)gram. To iliis 
pmpose I shall piesent the mechanics of eslabiishing 
such a piogram aiul my fellow speaker, Mr. Likus, will 
ptoscnt (he philosophies and logic behind its construc- 
tion. 

When considering the minicourse concept, the first 
area of concern is the evaluation of existing curriculums. 
Wlieiv are the curriculunrs present strengtlis and weak- 
nesses.* Sensitive, tlexihle teachers are best qualilled to 
make aiialvses. However, the perspective of the admin- 
istration and curriculum pcrson(s) are valuable and 
helpful. Dnce organized this group might wish to create 
an itemized list. This list could have two or three 
columns and be used to examine the subtopics within 
the existing curriculum and separate them into subjects 
that should be dropped, kept, oi be considered further. 
It is a slianie »hat this process is not practiced yearly by 
eveiv secondary, science department. 

The student \ viewpoint should he ct)nsidered. One 
meiliod foi statistically considering a large cross-section 
of student opinions ]s the questionnaire. Such an 
instrument must allow "ri>r deletions, additions, and an 
"unrestrained" response. All educators are aware that 
such results must be pared dovii to get at the 
nieaiitngful core. 

Parents cati also get involved; this is desirable both 
to gain infi)rniatii)n and future support. However, 
seeking it also lequires the responsihility of feeding back 
progress reports, etc. to the public, this is good '*P,R/* 
and wise psychology. It is understandable that some 
educators avtud such meetings because they do not sec 
them as helpful or constructive. However, through 
specific planning a decision-making meeting can be 
organized. Public support and involvement are the 
logical ouictMiie of such a meeting of taxpayer and 
educator minds. 

The first maior decision to be made concerns the 
amount of time to be allocated to the minicourses. 
Should the minicourses be six or nine weeks in lengih'* 
Are there t»ther possible imie lengths? The shortest 
possibiliiv is probably the six-week minicourse: it offers 
the element of change six times each school yeai. The 
six-week uini .iKo makes possible the greatest frequency 
or vaiiet\ o{ lopjcs a student can take. The six-week 
umt\ dh.idv.mtage is the increased paper work required 
of the sijii. This disadvaiuage is niimmized when the 
leuijth t>l lime is mcieased to nine oi twelve weeks, but 
at liie s.nne imie the interesiing. tivnamic t|ualitv o( 
changeover is decre.ising. The length of time seitled 
iii>o!] nuulit be deculed by siMiie completely innocuous 
l.icloi like the schot^Ps niaslei schedule. 

Once tiic length tune has been selected the 
lopus In he taught iniisi be *Miaped" into this common 
denoinin.H.n. Ii mav he necessaiy to "many" topics 
thai .lie io*» short to be a separate minicoiuse b> 
themselves (e.g. ps\v.ho|ogv and dings, evoliilion and 



gotietics, types of energy, etc.K On the other hatid. simie 
ti>plcs ctHild be tot! htrge ti^ fit into the length of time 
decided upon and might have to be divided t vu. zoology 
invertebrates and vertebrates). Keep in n hat there 
is no such thing as having too many cours : greater 
the number i\\ minicourses the easier u 1 be to 
administer. 

Tlie writing or outlining of each minicourse is next. 
A good source of material is the science depaitment 
staff itself. Brainstorming sessions can be held and/or 
each teacher can contribute written material lo the 
writer(s) of the new curriculums. Personal materials such 
as pamphlets, bulletin bv)aid pictures, etc., can be 
centralized and categorized by the titles of each new 
minicourse. These '*(\ne Packages'' can then be used by 
the teacher, but can also be utilized by the writer of the 
curriculums and referred to in the final curriculum 
guide. 

Also, don't forget to write for tree and inexpensive 
curriculum material. The NSTA provides a list of 
cui.iculum materials and the addresses of the school 
systems offering them. Many of these guides list teach- 
ing ideas (gimmicks) and learning activities, both formal 
and informal, for the students. Special subject organiza- 
tions such as the SPCA, The American Cancer A.s.socia- 
tioii. and The .Sierra Club (to name a few) often eagerly 
supply free teaching materials. The best part about these 
sources is that their material is current; when written 
into the curriculum of the school it makes the program 
more meaningful and pertinent. The multitudinous bu- 
reaus and departments of the U.S. federal government 
.should be contacted. One last area of liolp could come 
from the various professional organizations in which the 
department's staff ludds membership. 

The last point of concern of the curriculum writing 
is the style of the curriculum guide, it should reflec* the 
desires of the staff. A good guide allows lor voluminous 
teacher notation. Any lesson plan should be a combina- 
tion of the teacher's personal thoughts and mctliods 
with the content set forth in the ciirriciilum guide. What 
better way to encourage this than by allowing or 
designing for it to take place in the curriculum guide 
it.selt? 

One great hurdle that must be overcome is the 
designing of the de[urtnient\ master schedule of the 
minicourses. This schedule shows wliat minicourses are 
being offered and in wliat sequence, it may or may not 
.show which teachers are teaching each topic. Teacher 
choice and training should be considered. One method 
of achieving this last point is that of circulating a list of 
courses lo be offered next year among the sialT. They 
can then sign-up for their preference hy some inetlnul 
that is agreed upon. .Another metlii)d makes use o! each 
teacher submitting a list of preferred courses and the 
designer can "wheel and deal.** After the teachers make 
their choices the sequence of the minicourses must be 
determined. A check list of items that must be taken 
into account should be cimstantly kept in mind. Tiist. 
seasonal subjects such as botany, weatlier. invertebiales. 
etc. should be scheduled to take advaiit.ige of the 
weathei. Second, when two o\ more iniiiicouises are 
desigtred to occm in seijueiice (e.j*.. inveriebiates and 
veitebrates) the schedule should give iheni piioriiy. 
Thud. Mouchy" topics like sex education or ihe ilieorv 
of evohition that might require paiental coiisenl slumld 
not be scheduled nioie than once duiing a grading 
period, f-oiiiih. depaiinienial texihiu^ks and ei|uipment 
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must he takou into acauiiif. Cmirsos that wnuld Uemarui 
the simtihaneous unage of a limited amuuiu ot* euuip* 
• intiu iitul leMs must be avoided Lastly* team teaching 
might be desired or required, hi any event i the team 
approach creates unique problems tliat vary with its 
specific nature. 

Keep in mind that both seventh and ughth grade 
students could be mixed in the same class; \hh is usually 
not desir:ible though because of' the inter, iptions (e.g., 
guidance) during the year. Also, each ^^aJier has only 
one preparation per day the sain, plan is used to 
teach seventh thnuigh ninth (the rationale behind this 
will be presented by Mr. Lakus). Ideally, the department 
schedule would have the planning period and lunch 
schedule together to augment communication, but this is 
usually impossible. 

It is ama/ing how readily students adapt to this 
type ot' program. They love the change and excitement 
it presents. It is recommended that the first day of 
school in the tall be devoted to a combined, mass 
meeting of all classes. At this meeting the mechanics of 
the self-seleciion method can be explained; copies of the 
department s schedule of minicourses for that year can 
be distributed. A letter explaining the program can be 
sent via students \o the parents urging them to get 
involved . 

The sect>nd day of scln>ol brings the first sign-up. 
The time for the actual signing is short. As students sign 
up they can go directly to that class, and the regular 
process begins. All of the remaining sign-ups for the rest 
of the year can take place in each individual teacher's 
class. Since the office has *'block assigned*' X number of 
studeius, the class si/e can be balanced ahead of time by 
dividing the number of teachers available into X, 

It should be apparent now that the first students to 
sign up will have full choice and the last ones will be 
limited. This can be compensated for by: (a) instituting 
the 'Trimary Rule: No class may be repeated unless no 
other possibility exists." (b) Rotate the sign-up sequence 
so that the last classes to fill up last time will be first 
the next time; in t)ther words, rotate the sign-up 
sequence. To do ihis» careful track will have to be kept 
each time of the completion order I'or each class, (c) 
Enlarge the class si/e so that the greatest number of 
students can take a popular course. This isn*t always 
desirable or po.ssible, but it works every nicely when 
small classes exist. 

It was niemiimcd before that the office **block 
assigns** the students into science. This statement would 
alst) indicate that the office would not have any record 
as io where a spc^ific student is assigned in science. 
Therctore» it is wise to send a copy of the sign-up list to 
the administration or guidance office with another copy 
designated for the teacher. 

Another good rule to institute is that of signing up 
absent students the day they return (if they missed the 
^l^n-up). One porsoii should be in charge of the sign-up 
procedure and he shtuild be sought out by tlie returning 
student. Ii goes witliout saying that this procedure 
slhuild never be broken to allow a student to sign up 
before he leaves (e.g. family vacation, operations, etc.). 
Since a sign-up sequence is important it would not be 
fair to ilie other siudeiUs to let anyone '*skip ahead/* 

Interesting poims of organization within tlie science 
department can now be designed around the minicourse 
topics. It was mentioned earlier in reference to the 
writing o\ the cuniculunis that "Care Packages" can be 



made fur each course, in addition, files can be made 
containing iniasparencies, ditto masters, originals, etc. 
(one for each of the topics), If desired by the stalf, a 
tile can be created on each of the students; they would 
contain anything from report cards to returned consent 
forms* 

Transferring from one class to another Is not too 
complicated. It could be done in the following manner: 
the week before the changeover all classes sign up for a 
new course, but remain in the old one for the rest of 
that same week. On Monday of the new session the 
students would still report back to their **o|d*' class and 
get a; 

1. Report card (for their parents) 

2, Grade record sheet (for the new teacher) 

This grade record sheet would contain a list of all the 
courses the students took up to that time, it would 
show the sequence which they were taken in, and also 
show the grade he achieved. Additional information can 
also be placed on this grade record sheet. The student 
reports to his new teacher and hands him this sheet (or 
he doesi^t get in). This whole changeover process can 
take place in three minutes time. 



MINICOURSES: THE PROS AND CONS 

John W, Lakus, Science Teacher, Nordonia Hills 
Junior High School, Northfield, Ohio 

PROS 

Minicourses are short, six- to nine-week topics that 
combine lo form a total science curriculum. The use of 
these courses can be accepted gradually, as supple- 
mentary or enrichment material, or as a completely new 
program. However, changes in education do not come 
about easily, nor are they always justified. Crucial 
factors in deciding whether or not to adopt a minicourse 
program are: Will the change benefit the students and 
does it meet the goals of the educational system? 

In a world where technology diminishes the human- 
ity of each human it is a welcome change when a person 
is treated as an individmi The benefit is compounded 
when everyone involved is treated as someone special. 
Student-selected minicourses encourage individualization 
by allowing each student, perhaps under parental guid- 
ance, to mold himself based on his own potentials and 
object ives. Minicourses extend the freedom of choice in 
academic subject areas often allowed by high schools 
and colleges. They also add to what a creative instructor 
can do in individualization by using multiple teclmiques» 

Flcxihility is inherent in minicourses. Studems 
select or delete areas from a particular curriculum 
depending on background or interest. The instructor can 
meet the students on their own interest or ability level. 
Also, outdated materials can be dropped and new, 
pertinent items added. No longer is a department 
religiously ti.^d to a textbook that di^^tates .uibject 
materials. Fewer students will complain, *'Wliy do I iuive 
to learn tluit, Tl! never use it/* 

Buih into tlie student's choice of a minicourse is a 
strong ntotivadonal factor eontiibuting to fiis achieve- 
ment, choice of subjects not only gains the students 
interest ut perhaps his enthusiasm as well. Very often a 
problem student is one that does not like being told 
what to do. A degree of academic treedoin may reorient 
diNinterested students. Furthermore, if a child's [Barents 
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are intorincU of the piogianu their inllucncc may 
reinforce the student ut liomc. 

Not onlv are studeiu* nuMiviited by iniiucourses, 
bill ti'tHlurs m* motmilcd as weil. In ;i scliool with 
several science t'acuhy nieiiibers. a nniiicourse progfnn 
can the teachers a preference of topics. Mi>st 

teachers represent a wide spectrum of interests and 
training a factor that can be used to advantage when 
the teacher can select from a menu of subtopics. 

Imp^^nvii use of ifw si'hool\ facUitioi is a financial 
inipUcntion of the ininicourse program. Through 
thoughtful planning ot the master schedule, the mini* 
ciunses can be assigned o rooms that best suit the 
needs, l-or example, a >;huol with limited facilities 
could schedule chemistry in a room with sinks, while a 
course like sex education could be held in a more 
conventional classroom. Botany should be given a room 
with a southern exposure and weather study could 
utilize easy access to the outdoors. 

l\))ivicf\t use of materials ami supplies is another 
financial factor to be considered. No longer do all rooms 
tieed to be identical with identical textbooks. Subjects 
requiring the same equipment may be scheduled in 
sequence rather than simultaneously. Competition tor 
materials can be greatly reduced since all teachers will 
not be doing the same unit at the same time as with 
traditional curricula. 

Centralization of extemporaneous and supplement 
tary materials facilitates their use by all involved. Since 
the instructors will generally be using different materials, 
miscellaneous teaching aids can be pooled. Supplies such 
as books, pamphlets, overhead transparencies, magazines, 
and various lab and teaching aids are shared. No longer 
do teachers hoard personal teaching collections but 
willingly lend them to other instructors since there is no 
sirmllaneous need. 

The balancing of class sizes can be achieved within 
the minicourse program. The department schedules the 
students as a group and balances the class sizes to the 
best advantage. Teacher loads can be equalized, and 
groups may be ^arge or small as best tits the program. 
Therefore, grouping is heterogeneous. 

The niinicourses aie constant reminders of short 
-range goals. Science in the junior high is non sequential 
and the same course can be taught at various levels 
without affecting achievement. That is, success or failure 
in one topic does not forecast a similar result in the 
next. The student starts each new minicourse with a 
clean slate. He has a new topic and, perhaps a new 
teacher, and does not have to be the poorest student in 
the class all year. 

Also, because of the topical nature of minicourses, 
grade failures need not be repeaters in the same course. 
New students, likewise, can avoid taking previously 
learned materials. 

Teachers have only one preparation per day and 
can devote their full attention to doing that well. Since 
the teacher is likely to be instructing a class in a topic 
in which he has a personal interest, lie will likely do a 
better job. It is too idealistic to believe that teachers are 
^M boied by some subjects as are soitio students. 

CONS 

Like any other iniu)vation the minicourse program 
does not solve all problems for all students. One must 
keep in mind that the minicourse program discussed 
here was designed to meet the needs of a particular 



junior high with special circumstances. Tlie autliors of 
this program reali/e that some schools have either tlie 
philosophy or facilities that could not lend Itself to the 
undertakitig of a minicourse curriculum. Nor are the 
autliors unable to see the weaknesses of the program. 

Probably, the most glaring fault of the program is 
the loss of time iiwolved in the initiation and the 
process of its continuance. First of all there is explaining 
the sign-up procedure and the courses offered as well as 
the issuing and collecting of books and materials every 
six weeks. One person needs to be employed as a 
coordinator to be in charge of scheduling, communica- 
tions, tracking students, room assignments, and perhaps 
curriculum responsibility. 

Student selection of courses is an ideal that has 
been totally achieved in few, if any, educational institu- 
tions. Students may be fonvd to repeat a course that is 
otTered more than once but by rotating ti c sign-up 
procedure this fault can be lessened. 

Class periods must begin and end at the same time 
if a student is to have a full choice of all courses 
offered. Sometimes this is impossible due to the sched- 
uling of other subject areas and a student may be 
limited in his choice of topics by his class schedule. This 
would also mean that an entire department would have 
identical schedules that could make extra curricular duty 
assignments difficult. 

Human relationships can be hindered, or even be 
detrimental to the program. For example, long-term 
student-teacher relationships are difficult to establish if a 
student wants to follow a particular sequence of courses. 
Conversely, student to student relationships may become 
cliqufcs that sign up for a j-»articular course just to be 
together. Or students may b?gn up for a particular 
teacher who is weak in class co.ntrol in order to have 
classroom freedom. 

Overspecialization may occur at ioo young an age, 
A student may :ake only those subjectb in a particular 
branch of science and neglect getting a well-rounded 
science education. It is possible tor students to avoid the 
"hard" courses and receive only a part of the science 
background he would need for further study or to meet 
the requirements in high sciiool or college. Care must be 
taken in designing minicourses to include certain basic 
concepts that are needed in all fields of science. 

Some students are not capable of selecting courses 
tfiat are pertinent to their goals in life. Youth often 
makes judgments that are emotional rather than rational. 
Care must be taken to counsel and direct students into 
courses that meet their needs even if these needs are not 
yet realized. Minicourses can be a prize that is too soon 
won. 



SESSION D-6 

PRESERVICE TRAINING FOR COLLEGE SCIENCE 
TEACHERS 

Mildred W. Graham, Assistant Professor of Science 
Education, Georgia State University, Atlanta 

Tliere are intuitively good college science professors, 
born teachers. For most people, however, the transmittal 
of knowledge is not a natural talent. To improve 
instructional skills of the college science professor, these 
skills must be identified and taught. When, on the path to 
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a doctorate m a specific science, can a candidate improve 
these skills'* 

{•or most graduate science students, tliere is only one 
phase i)t his graduate career where lie can attain some 
leachmg skill that is, as a teaching assistant in 
utulergraduate courses and labs. Does lie pick up his skill 
b\ observing his peers or senior faculty? This is a 
possibility but. at best, is happenstance. A planned 
program for the improvement of instructii)n must be 
implemented. This has been discovered by all the sciences 
in individual colleges and universities. 

Hach science department which tries to improve 
undergraduate instruction by improving teaching assistant 
competency lias •'reinvented the wheel." This panel has 
been charged to outline seminars and courses designed to 
improve skills such as questioning, evaluati^rn, student- 
teacher interaction, etc. Oue^tions discussed include: Wlu) 
assumes the responsibility for such programs, science 
educators or science departments? Wlien in the academic 
year should such courses be offered? Wliere are the 
materials to be used in these programs? 

The realization must come to the science depart- 
ments that training of teaching assistants is a viable means 
to improve undergraduate science courses and to help 
many graduate students attain goals of becoming ''good" 
college science professors. 



SESSION 

SCIENCE TEACHING ON "THE ROOF OF THE 
WORLD" AND THE SPACESHIP EARTH" 



USE OF THE SCIENCE MUSEUM AS A TEACHING 
RESOURCE 

Harlan l-alkin. Physical Science Supervisor, Pacific 
Science Center, Seattle, Washington 

Tlic popularity of Science Centers and Museums is 
growing throughout the country with attendance on the 
rise, and greater use o\' public and school programs 
available at these institutions. Many science museums 
have teacher-oriented programs that are designed to aid 
the teaching i)f science iti the classroom. 

Most science museums devote a major portion of 
time and money it) the school and teacher programs. To 
accmnplish the educational goals, a staff of professional 
ceriitied educators develop, produce, and perform var- 
ious activities as part of their jobs at the museum. These 
activities are usually the hands-on involvement type, 
permiiiing classes to actively participate by observing, 
hypiuhesi/ing. and testing their own ideas using equip- 
ment easily reproduced by the classroom teacher. 

The services of a science center, or museum, help 
the teacher by ciunplementing the regular sciiool curric- 
ulum. Museum siafi* do lessons designed to introduce a 
ciuicept the teacher will be expanding in the classroom. 
Lessons are designed to generate interest, not to do the 
reaching ni the subjeci for the classroom teacher. 
Sv^iOnce center staff provide follow -up ideas and mate- 
rials perniitiiiig the class teacher io mesh the interest 
generated at the museum with the classroom science 
program. Sij ff members are available in teachers for 
ciuisuhaliv)!! regarding materials to introduce science 
subjects and sugge.Mons for turther classroom activities 
tuice a stud> of science is underway. 



Many science centers and museums arc chartered to 
•'improve the public understanding and awareness of 
science/* This is a broad mandate open to interpretation 
in a variety of ways. As a result, a myriad of programs 
are available within the same institution. At the Pacific 
Science Center we operate a laboratory-classroom pro- 
gram, perform live demonstrations, conduct classes for 
tfie general public on weekends, use puppet shows to 
entertain while illustrating science concepts, and perform 
auditorium programs from time to time. To improve 
these activities, science centers throughout the nation 
have formed the Association of Science and Technology 
Centers, un organization permitting museums with simi- 
lar educational goals to compare programs, ideas, and 
experiences. Workshops for museum staff members are 
held periodically to discuss and observe many programs 
in operation at the member institutions. 

A typical school program in Physical Science 
serving as an example of resources available to teachers 
at science museums is described, A class visiting the 
Pacific Science Center may have chosen to take part in a 
lesson introducing the concepts of observation, compar- 
ison, and identification, while learning the use of a 
scientific tool. Tlie program they participate in begins 
with a cartoon story. 

Materials for the lesson on Chromatography are 
easily reproduced, and directions for making them are 
included in a take-home pack given to the teacher 
following the lab experience. (Copies of the pack were 
available at the session.) We encourage teachers to use this 
pack and the suggestions included for expanding the lab 
experience once they return to their own classrooms. This 
type of program can be done at the science museum, or in 
the school classroom by museum stafT. The recent gaso- 
line problem has prompted many science museums to 
bring their programs out to the schools since bus fuel is at 
a premium in many school districts. 

Another activity available to teachers is work- 
shops. The Pacific Science Center offers: three-credit 
workshops in science and math activities for the elemen- 
tary classroom. The courses include 30 hours instruction 
on presenting and preparing materials for 15 different 
units which are designed to motivate and captivate 
elementary classes. On completing the workshops, the 
teacher has kits for each of the activities ready to use 
with her or his class. 

An additional program in teacher training is our 
Associate Teacher program. Teachers on leave from their 
districts spend one year at the Center developing and 
presenting lessons to a variety of classes, gaining the 
experience necessary to continue the programs when 
they return to their district. Tfiey go back to their 
school as a master teacher in science education ready to 
aid and improve the science instruction at the elemen- 
tary level. Our Associate Teachers can earn their Masters 
degree while working at the .Science Center. 

Science museums serve one more function in the 
educatiim community they provide experiences and 
equipment not available in schools. Advanced students 
might require the use o.i equipment which schools 
cannot afford such as electriui microscopes and spectr- 
ophotometers. Special displays are available in the 
museums such as U.S. Atomic Mnergy Commission 
travellirig exhibits which are made available to school 
groups by the host institution. Museums serve as 
eonmmnity meeting places for visits by astronauts and 
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active scientists, Here your students can talk with the 
people involved in science and exploration. 

There is a lot going on at Science Center and 
Science Museums that can be helpful to teachers. I urge 
you to visit your museums, speak with the education 
statT, and make use of the available teaching resources, 

SESSION D-IO 

TEACHER'S POINT OF VIEW^EDUCATIONAL USE 
OF ZOOS 

Antoinette Seidelmann. Teacher, Chic^igo Public 
Schools, Chicago, Illinois 

My part in this presentation is to give a teacher's 
point of view concerning the educational use of /.oos, 
The foIh)wing will be included in the discussion: 

1. various classroom objectives, 

2. making the /oo visit meaningful. 

3. in-school activities involving /oo participation, 

4. workshops for teachers at the /oo. 

SESSION D \2 

OUTDOOR BIOLOGY INSTRUCTIONAL STRATE- 
GIES (OBIS): AN APPROACH TO COMMUNITY 
EDUCATION 

Alan J. McCt)rmack. Research Hducator/OBIS 
Project Coordinator (on leave from University of 
British Columbia): and Herbert D. Thier, Co- 
Director of OBIS. Lawrence Hall of Science. Uni- 
versity of California. Berkeley 

Few poeple are unaware tfiat a crisis exists between 
man and his environment. Clean water, fertile soil, and 
nourishing food no longer exist in unlimited supply. 
Man has carelessly clashed with the delicate balances and 
living networks of the ecosystem and provoked world- 
wide environmental maladies. Man can look only to 
himself to provide remedies. 

The collision course between man and biological 
physical realities has been repeatedly documented and is 
the subject of daily concern in the mass 
media. j5| .[6| .[^)] .(15| Yet. Iiumans cling tenaciously 
to their **righls** to reproduce as they please, exploit the 
environment , and encourage uncontrolled economic 
grt)wth. 

Although environmental deterioration involves 
changes in natural, rather tlian man-made realms, it is 
clear that many environmental clianges are caused by 
human action. And. it appears we live increasingly in a 
man-aUered and man-managed environment. Hven now, 
the most ubiquitous biotic communities are man-pro- 
duced or man-intluenced by planting, cutting, damming, 
building, and dumping. 

L'niil recently, most nt* the environmental move- 
ment has been concerned with alerting the public that 
there is an environmental crisis. Now that the problem is 
widely recogni/ed. it becomes increasingly important to 
ask How can environmental problems be solved? 

Solutions will not come ttuickiy because we do iu)t 
know cnnugh ahout the line structure of the environ- 
ment ti> translate our concern into effective public 
polkv . f.ven when some answers are known, it will take 
tune to develiip the public ci>nsciousness to support 



appropriate environmental management. Development of 
public environmental awareness may depend largely 
upon new, more extensive, and different, kinds of 
programs in environmental education. Programs designed 
as a sjpplement to standard school science curricula, 
thougli iiuportant and helpful, do not seem capable of 
meeting »he challenge effectively enough or quickly 
enougji. Public attitudes which allowed the development 
of our present difficulties provide strong evidence that 
past educational programs have met with little success in 
changing popular environmental beliefs and values. Most 
people have found it convenient to overlook changes 
like the following occurring since 1946: 

1. A government-sponsored study found that **For the 
United States as a whole. . . the total nhrugen and 
phosphate discharged into surface waters by munic- 
ipal sewage increased 260 percent and 500 percent 
respectively.**] 19 1 

2. Airborne lead has increased by about 500 per- 
cent. [17] 

3. The bacterial count in New York Harbor has in- 
creased by as much as 890 percent, jl 1 j 

4. The increase in population of the United States has 
been more than 43 percent. j4j 

Attitudes permitting man to select proper environ- 
mental alternatives will develop as a result a deep 
understanding of ecological relationships. Like all living 
things on this planet, humans are part of an ecosystem 
a series of intermeshed, cyclical events linking the life 
processes of any single organism to the life processes of 
many others. Ecocystems can deteriorate, or even 
completely break down, when too heavily stressed by an 
overpopulation, of one kind of organism, depleted of 
essential materials, or deprived of a minimal level of 
first-order food producers. 

To help develop large scale and immediate ap- 
proaches to dissemination of ecological ideas, the Out- 
door Biology Instructional Strategies (OBIS) project is 
undergoing intensive development at the Lawrence Hall 
of Science, Berkeley, California. 

Overview of the OBIS Project 

OBIS is a National Science Foundation funded 
project C(>ncerned with promoting the understanding of 
ecological relatit)nships by youngsters aged ten to fif- 
teen. The main goal of OBIS is to design instructional 
strategies for learning experiences in outdoor biology 
that can be applied in diverse environments. OBIS 
activities focus on the environments where children an\ 
using lawns, urban ponds and streams, and vacant lots as 
study areas. 

Activities produced by OBIS introduce basic con- 
cepts of ecology in ways that are palatable and exciting 
for youngsters. Underlying all OBIS materials is the 
assumption that a basic understanding of ecosystems, 
populations, communities, tood cliains. and interactions 
of organisms with the environment is essential in making 
intelligent decisions about the environment. Techniques 
useful for tlie study of ecosystems are universally 
applicable wherever there is life, aiul are not limited t*) 
any specific environment or localized environmental 
problems. Thus, OBIS is based on a broader viewpoint 
than that ot* enviromnental groups which focus only on 
specific instances of pollution control or rec\ cling. 

OBIS activities are oriented toward cumnuinity. 
sponsored youth organizations such as scouts, recreatiiin 
center clubs, summer camps, and nature center groups. 



The project is not primarily a school science curriculum, 
altht)ugh many of the materials may be suited for use 
by scluH)! groups. School ecology clubs, '*Saturday 
science'' groups, school camps and other extracurricular 
school groups will also find OBIS materials useful, 

OBIS departs from the common curriculum- 
development procedure of determining a single sequence 
of learning activities leading to specific concepts. In* 
stead, the OBIS staff is identifying and trying out a 
variety of alternative strategies and techniques for 
enviroimiental study. Assuming that no single learning 
pathway can be either interesting or applicable to all 
youngsters in all locales, OBIS plans flexible units 
involving multiple entrance and exit points. Physical 
sciences, social sciences, art, recreation, and psychology 
are being tapped as potential sources for interest- 
seducing '^entrance activities" leading to the under- 
standing of ecological problems. 

A number of OBIS activities will be suitable for 
both large and small groups of young people, and many 
projects will be adaptable to completely individualized 
use. Printed materials being developed are intended for 
community-group leaders who may have little or no 
training in biology. 

Bxamination of major funded educational improve- 
ment programs for the ten to fifteen year age group has 
revealed several other programs. Prominent among these 
are the National Hnvironmental Education Development 
(NEED)II2j program of the National Parks Service, 
Hnvironmental Units (EU){14] of the National Wildlife 
Foundation, and Environmental Studies (ES)[lj of the 
American Geological Institute. Unlike OBIS, materials 
developed by these projects are designed primarily as 
school curricula. NEED is described as a '^curriculum 
integrating process" by its developers. [1 3) EU materials 
provide a wide variety of interesting, independent units, 
but appear to lack a consistent framework of ecological 
ideas. ES aims primarily to promote student self- 
awareness.(l J OBIS represents an innovative departure 
from these projects in its community-group target 
population, basic concern with pervasive biological prin- 
ciples, stress on development of a variety of learning 
strategies, and emphasis on individualized instruction. 

First Year of the OBIS Project 

During the first project year (1072-73). two units 
fiK'using on specific environments. The Lawn and The 
PoHiL have been under intensive development. These 
units have progressed to the stage of ''trial" editions and 
are receiving extensive use by a variety oi leaders in the 
San Francisco Bay Area. 

The Lawn Unit 

Wluit is the dominant t)rganism in the lawn com- 
munity Wluii ha{>pens t(^ the lawn community when 
the dominant organism's influence is removed? 

Ti) answer these and many other questions, OBIS 
giies "oui-of-conirol," Try \\\ Wlien you go home, get a 
couple of sticks and some siring and fence off a few 
square feet i)f your lawn and let it go wild. No watering, 
no mowing, no feriili/er, no management. In the OBIS 
iMwn Cntt this is dnbbod the ''out-of-control" area, and 
the kids use this area to monitor changes in the lawn 
community when man relinquishes his control. This is 
an important concept for young people to grasp: man's 
tremendous nihility in infiuence and change the structure 
ot coinnmniiios. Liberate a section of your lawn 



community and watch it through the seasons, OBIS 
can't tell you what changes will occur, but OBIS can tell 
you changes will occur. 

Perhaps you would rather try to solve the "Mystery 
of Weedmaii," another of The Lawn Unit's intriguing 
activities. Or, try your talent at estimating the popula- 
tion size of **bean bugs" on your own lawn. In 
completing either activity, you are likely to learn 
something about populations, distribution, and sampling 
techniques. You may even enjoy yourself! 

The Pond Unit 

Who ever said ponds have to be big to be good? 
OBIS Pond Unit participants construct their own **mini- 
ponds" and observe the drama of biological succession 
and change as the aquatic environment matures. Vari* 
ables such as organic and/or inorganic fertilizers, light, 
and community composition can be altered or con- 
trolled to provide clear examples of the interdependent 
nature of ecological factors. 

Larger pond sites (natural or man-made) are focal 
points for other activities, A variety of inexpensive and 
easily-constructed pieces of equipment have been de- 
signed to assist in the investigation of pond life. Pond 
bottom samplers, weed grapplers, plankton nets, and 
organism-observation containers are just a few of the 
observation aids that facilitate pond exploration. Also, a 
trial version of the OBIS Pond Guide has been de- 
veloped to assist in easy general identification of aquatic 
organisms. 

All Pond Unit activities encourage development of 
personalized individual projects by participants. Sug- 
gested "starter" activities may be done separately or in a 
variety of sequential patterns. 

Field Trials 

Trial-testing of The Lawn and The Pond involved 
1500 youngsters ranging from nine to fourteen years of 
age. Groups included science classes, weekend com- 
munity organization classes, summer day camp groups, 
and science clubs. Several procedures were employed in 
evaluating the trials, including: 

Observations. The staff spent many hours in the 
field observing the OBIS units as tauglit by teachers and 
leaders. Observer reports, focusing on the participants' 
activity and understanding, were written and distributed 
to the staff for review. 

Leader Feedback. Leaders and teachers received 
feedback forms to fill out and leturn to the OBIS office 
as each activity was completed. The teacher or leader 
could comment immediately as to youngsters' perfor- 
mance and interest in the activity. Personal meetings and 
telephone conversations with the leaders also provided 
feedback. Suggestions from leaders as to their personal 
adaptations of activities and additions to the basic unit 
structure proved especially valuable. 

Student Feedback. Feedback forms were also given 
to participants so that they could express their feelings 
about a particular activity. Youngsters seemed to express 
their feelings best while involved in a particular ex- 
perience. One OBIS staff member captured these feelings 
by systematically photographing the students partici- 
pating in various activities. 

Prerest-Posttest Comparisons. OBIS trial grvjups 
were given ecology concept pretests prior lo involvement 
in OBIS activities. Tliese data will be compared with the 
results of an equivalent form of the test given after 
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completion of ilie activitt.^s. To provide an additional 
baseline tor evaIi»aMn;.^ acliievemenl* contii)! groups have 
been jsiven the same tests» svilhoul the benetlt of the 
OBIS activities. The OBIS siatt is currently analyzing 
ilio compiled data. When the results are complete^ the 
activities will be revised to belter meet the needs of the 
user group. 

Activities Currently Under Development 

Imaghie this: Using paint and palette^ you engage 
in a pleasurable outdoor activity that appears to be an 
art lesson. Twenty minutes later you llnd yourself 
disci>vering ideas about animal adaptations. Or, imagiitc 
participating in a group that is making photographs with 
simple materials. Soon you Hnd yourself using the 
technique you have learned in piecing together the ^nks 
of a food chain in a nearby vacant lot. Think of it 
ecology and art ecology and photography ecology 
and fun! Learning combined with pleasure just has to be 
popular with kids everywhere. 

OBIS aims to please. . . and teach kids intellec- 
tually-solid ecological principles. Tlius, OBIS staff mem- 
bers are presently, involved in identifying all conceivable 
approaches and inventing new and unusual strategies. 
Present exploratory work includes sampling activities 
easily recognizable as ecology » physical science ap- 
proaches, art-integrated projects, social studies orienta- 
tions, scientitlc testing of superstitu)ns about biological 
phenomena, and the invention of simple biohistory 
study techniques. 

All OBIS materials are currctitly being designed 
according to a highly tlexible format. Future OBIS 
"units" will be given final design ''on-site" by group 
leaders and participants selecting from a variety of 
alternatives. Exemplary of the flexible quality of the 
proposed new approaches are the OBIS Evty-Chalkngc 
Carth. Tliese provoke youngster's interest with an 
intriguing challenge or prv^blem that can be solved in the 
outdoor environment using high-interest manipulative 
materials. Representative Kco-Challenges are 'invcnt-an- 
Animal;* 'Hi-Lo Hunt," and ''Photograin Kcology." For 
each of these activities, participants can work individu- 
ally or in groups* with or without an adult leader. Kids 
are tlrst confronted with an engaging challenge* either 
via a printed card or cassette recording. For example: 

Challenge: Given a potato that has been painted 

white, make a model of an imaginary animal that is 

adapted to a particular habitat. 

Challenge: In a chosen study site* find the spots 

that are warmest and coldest^ brightest and darkest* 

and wettest and driest. 

Challenge: Make a photogram showing at least three 
organisms that live in a specific habitat, 
hiformation is then provided concerning needed materi- 
als and 'The Action." "Tlie Action" is a brief '*how-to- 
do-it'' description of a method for solving a given 
challenge. After attempting a solution of the challenge 
and conside»*ing some questions pointing up the relation- 
ship of the activity to ecological principles, the partici- 
pant may choose one or more "Action Cards." Hach of 
these presents a related, but different challenge* and 
leads to more activity. 

The hcoChallenge Cards can be used independently 
i)f each other, or in a variety of sequences to t'orin 
cohesive learning units. These activities should be a 
valuable resource from which nature centers, camps, or 
other community groups can draw ideas and construct 



sequences particularly appropriate to Ihejr unique opeiif 
tional situations. 

"RuiV'.iiig Water'' is aniUher interest suea being 
investigated by an OBIS development team. Plans pre^ 
sently call for priHiuetion of activities in a pattern 
sitnilar to the Lawn and Ptnuf units. In this family ui 
units research teclmiques of practicing ecologists are 
modified for use with youngsters* These are then 
blended with supporting learning activities intended to 
help kids understand the populations, habitats, t'ood 
chains^ and community structures present within specific 
ecological sites. T.arly work with "Running Water" has 
resulted in a collection of proposed activities ranging 
from physical studies of water movement and manS 
influence on its flow, to biological studies o( life /ones 
common to streams. 

What would hapixMi to square meter plots of 
grassland exposed to varieties of drastic environmental 
pressures? To find out* one OBIS group is beating oiw 
plot with a board, while applying vinegar, baking soda, 
salt, insecticide, herbicide, and other materials to dif^ 
ferent plots. One plot is deprived of sunlight, while 
another has been converted to a "mini-swamp.*' This 
project is one of several being tested by seventh* and 
eighth-grade youngsters as part of ^'Physical Variables 
and Outdoor Biology*" another of the newer thetiies for 
OBIS development. The "Physical Variables" team is 
also developing a series of inexpensive measuring in- 
struments* including light meters^ wind-speed meters, 
and temperature recorders. 

Many school districts provide one-week camp exper- 
iences as an enrichment to fifth-* sixth-* or seventh-grade 
school piograms. Also, thousands of children are in- 
volved each summer in day or residential camps at 
hundreds of camp sites throughout the nation. These 
programs have the potential to provide children with 
some awareness and appreciation of important ecological 
aspects of the out-of-di)ors. To assist school camp 
leaders who may have little knowledge of outdoor 
biology, OBIS is developing a series of materials de- 
signed for the camp milieu. 

These materials are intended to provide as little or 
as nuich of an experience in outdoor biology as is 
desired by program leaders in particular camps. Individ- 
ual activities can be selected for inclusion in existing 
camp nature programs* or groups of OBIS activities can 
be adapted to provide a major coordinated outdoor 
biology experience. 

Future Plans 

Change is the essence of nature. Man's hope for the 
future lies in the regulation of the environmental 
changes he induces. He is a partner with natural 
processes in the management of resources and hiological 
and cultural wastes. The future depends on man's ability 
to develop an understanding of tliese processes and the 
wisdom to apply that understandii^g. OBIS plans to 
continue development of practical activities leading 
young people to these vital conceptr*. New staff* is being 
recruited, and new directions are continually being 
sought. Hopefully, a significant number of OBIS activi- 
ties will be available to the jMiblic i!i mid-M)74. with 
many to f'ollow over the next two-three years. The job 
is large, and time seems always iVustraiingly lin^ited. 
Well do the best we can. 
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SESSION E.I 
IMPROVING SCIENCE TEACHING THROUGH 
AWARENESS TECHNIQUES 
AWARENESS TRAINING 

Robert A. Beniotf. Associate Professor. Ogont/ 
Campus. The Pennsylvania State Universitv. 
Abuigton 



llic itttroUuctiitit ot' a new u»U itl'tcii v«ry UiCIbrciU 
science currlcuhiin to an olemenlary, secondary, or 
college classroom can he contpared to a newly forming 
social system. If teachers of such a progrum are "aware" 
of a Particular set of social science concepts, thev may 
he able to facilitate the learning which should take place 
itt u modern science class, Ignoiance of these concepts 
may actually result in teacher behavior which is counter 
productive to achieving the science curriculum gi>als. 

Five Mjcial science concepts arc most important to 
consider when Introducing "a new science curriculum." 
Perliaps the best was to understand the Implications of 
these st)cial science concepts Is to define them and 
c»)mpare what they would be in "traaitional" and 
"modern" science classrooms. 

1. (ioah • The proposed objectives of the science 
curriculum, stated when pos.sible in ternts of what 
the successful learner should be able to do by the 
end of the instructional program. 

2. iSonm • A set of accepted and expected social 
behaviors common to a group whose members have 
sj»cial interactitm together, the classroom climate. 

3. Roles • The relationships between the members of a 
social group which make clear the part or character 
which each person assumes he Uas to play hi that 
social system. 

4. Phynii'Ql Amngenients • The placement or po.si. 
tioning of the human anc n-aterial resources used 
in the learning .situation. 

5. l eedbaek Monitorim- . Periodic collection of infor- 
mat ion from tlu lea; tiers used to make inferences 
about the state of the social system and to modify 
the instructional program. 

For example, the goals usually associated with 
traditioiuil science require that the .student learn a set of 
science content facts and demonstrate this learning by 
achieving a passing grade on a written test. On the other 
hand, "modern" science as typified by the discovery or 
inquiry alphabet programs (.SCIS, S-APA. HSS, COPHS. 
IPS. ISCS, BSCS. CHFM STUDY. CBA, HPP. HSCP. 
etc.) entphasi/es student learning of sonie basic science 
process (problem solving) skills and science concepts, as 
well as some science content facts. This learning is to be 
demonstrated by performance in carrying out science 
experimentation, as well as on written examinations. 

The difference in the stated goals of "traditional" 
and "modern" science programs wt^uld make one expect 
that different norms, roles, physical arrangements, and 
feedback monitoring methods should result in the.se two 
kinds of classrooms. 

For example, some of the norms expected in 
traditional science classrooms are: quiet, students speak 
only when called upon by the teacher; students move 
about the room only upon direction of the teacher; 
iiiteraction.s in general (questions, discussion, etc.) are 
normally between student and teacher, and seldom 
between student and student. In a "modern" science 
cla.ssroom the expected norm.s are: a moderate amount 
of noise, students speak to each other and have freedom 
of movement; and titerc are frequent interactions witli 
other students as well as with the teacher. 

In a "traditional" cla.ssroom the teacher's role is 
dispenser of knowledge, lecturer, and reward giver. The 
teacher talks and the students listen. The students' roles 
are those of pa.ssive learners gaining information from 
the teacher, and the textbook without too much 
thinking or questioning about what is being learned. 
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In the ''modern'' class&rouin the students rule is to 
be uii active investigator md learner; to aain information 
by experimentation and inquriy* as well as by reading; 
to constantly think and ask questions: to frequently 
interact with other students and the science materials. 
Tlie teacher's role in the modern classroom is to 
facilitate Inquiry, to ask questions which will promote 
thought. Tlie rewards in "modern" science classrooms 
are supposed to come from satisfaction in solving 
problems as well as from the teacher. 

Modern science programs are supposed to be 
student-ccntered and laboratory -centered. Traditional 
programs are usually teacher*centered, Tliose would 
obviously call for different physical ariangements of 
students^ teacher, and laboratory materials. 

In order to assess how the students perceive the 
goals, norms, roles, and physical arrangements in any 
classroom the teacher needs some leedback monitoring 
system of Ci)llecting information from students. 

When students are accustomed to traditional in- 
struction in most subject areas, and when their pievious 
science instruction has been in a traditional program, the 
introduction of one of the modern science programs is 
similar to what Milcs^ calls a Temporary System, 

Anyone entering a temporary system needs answers 
to certain questions before productive work begins. The 
learner needs to know: "Why am I here?" "What is 
expected of mc here?" "What is acceptable behavior 
here?** We can rccogni/e these questions as asking about 
the goals, roles, and norms. Teachers must be clear on 
goals", roles, and norms and must consider how these will 
be affected by the physical arrangements in the class- 
room. Teachers need some method of collecting feed- 
back data about their classrooms so that they can make 
instructional decisions. 

^This paper is based upon a im»m»t;raph 'Tlie Application ot* 
Temporary Sysioms (*oncopis to I tTeciive Planning and Manajie- 
mem ol* National Science loundaiion Supported I-iducational Pri»- 
grams" being prepared under (irani (iW45t)8 made by the Na- 
tiimal Seience I oundation to The Pennsylvania State University. 
Ogontz Campus. Abingion. Pa. 19001 . 

* Miles M.. "On I'einporary Systems" in bmox ation in 
h\Iticatinn. M. Milc< editor, leachers College Press. Columbia 
Cniversiiy. New York (1964), 



USING CLASSROOM INTERACTION ANALYSIS 
SYSTEMS TO INCREASE INSTRUCTOR AWARENESS 

Joan H. Zurhellen. Assistant Professor and Project 
Director. The University of Tennessee. College of 
Nursing, Memphis 

Classroom interaction is omnipresent and multi- 
faceted. Many facets of interaction are present at any 
one instant of time. The major foci of classrooms tend 
to be teaching, instructional and learning processes, and 
activities. Teaching and learning are essentially interac- 
tion events, and learnitig is the resuh of interaction. The 
types and levels of interaction that take phice in the 
classroom are as many and as varied as the differing 
personalities, socio-eniotional chinates. and overall eco- 
systems of these same classrooms. Interaction in the 
classroom may be one-to-one. group-to-group. one-to- 
group, group-to-oiie. etc. It may be verbal or nonverbal, 
planned or spontaneous, structured or haphazard, formal 
or informal, pcrson-to-person. environment-to-person. 



etc. Classroom interaction is all these and more. Class- 
room interaction determines the clastrooin gestalt which 
is more than the sum of its individual entities. 

SiKial and educational psychologists and educators 
constantly emphasize the importance and effects of 
Interaction in educational settings: 

Slierlf has noted that •To an Important extent » tlie 
locus of change*' • the fabled desired end of education 
■ "lies in the interactions of people with people.''(34J 

Guba and Getzels have pointed out, '^Whatever the 
teacher may teach, it is obvious that the teaching is 
carried on in the context of an interpersonal setting. It 
is the factor which, more than any other, accounts for 
the critical importance of teacher personality in medi- 
ating the teaching-learning process.**! 19) 

Gaminage underlines the point, "The interaction of 
the teacher and the children is one of the most 
important aspects of the educative process and pi^ssibly 
one of the more neglected... the type and quality of 
the interaction will determine not only the effectiveness 
of the learning situation but the attitudes, interests and 
in part even the personality of the pupils."! 16] 

Reno emphasizes that "These daily encounters 
between student and teacher are impacts" which "occur 
at high speeds. . . . Tlie collisions take place too rapidly 
for any computer to register, and the force they 

generate is always enormous and they become 

discernible when they accumulate."(32l 

Despite the weight of evidence, classroom inter- 
action dynamics are often not apparent to teachers, or 
they are misunderstood, garbled., misread or - worst of 
all - ignored. Why? First, there is often lack of 
awareness by the teachers of the impact and effects of 
classroom Interactions. Even after awareness, there are 
other serious obstacles to be overcome. Interactions are 
there, but how are their patterns, subtleties, and nuances 
picked up? Tliis can be as difficult and as frustrating as 
trying to discover the details of how one looks without 
a mirror or judging, truly and accurately, the qualities, 
timbre, and inflections of one's voice without utilizing 
tape recorder and audio tape. 

With knowledge, awareness, effort, and observa- 
tional practice the teacher may become a fair judge of 
interactions between and among students, their patterns, 
meanings - obvious and hidden - and affect. However, 
even with the best will and effort in the world, the 
teacher may still be relatively unaware of his inter- 
actional affect botli direct and indirect. A human is 
tar too subjective an animal to be expected to make 
accurate and precise judgments regarding his or her 
effect on others. At best, the tactful human learns to 
control his verbal impact. He is still often totally 
oblivious to the nonverbal signals he may be radiating in 
all directions. 

To assess our own interaction effects, wc must 
either see ourselves as others do, or we must call on a 
third party to view and assess us. Kyen then, an 
objective assessment is difficult because of our own. or 
the other viewer's mental set. The situation can be 
greatly improved if there is not only a viewer who is 
striving for objectivity, but also a tool of proven 
objectivity and reliability for him to use. Systematic 
observation instruments can provide the latter. 

Without the tool, the demands on the viewer and 
the relationship between the viewer and the viewed arc 
colossal. Many of us have resented what purported to be 
an objective summary of our behaviors by a fairly 
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sympathetic and personable sup*nvisor, The thought of 
the resentment that might be engendered by a mere 
peer's observations, it' they were anything but flattering, 
staggers the mind, Ned Flanders, himself, has noted that 
without a systematic observation scheme the "success" 
of having anotlier observe our performance "may de* 
pend on how well he (the observer) can blend integrity 
and objectivity with compassion and empathy. "(8| 

Systematic observation schemes are tools, Tliey are 
techniques which objectify evaluation of self by self or 
others, lliey are means to ensure that evaluation data 
are accurate and that they provide the type of feedback 
on wliich teaching and instructional judgments can be 
sensibly based. 

Ober has described systematic observation as a 
**method of strategy-building and instructional improve- 
ment/* (26) a method of "organizing observed teaching 
acts in a manner which allows any trained person who 
follows stated procedures to observe, record, and 
analy/e interactions with the assurance that others 
viewing the same situation would agree, to a great 
extent » with his recorded sequence of behav. 
ior^. ,.,"(271 

Systematic observation provides communicable 
criteria for reliably observing and recording what tran- 
spires in a classroom. Systematic observation does not, 
nor does it purport to, place a value judgment of 
"right," "wrong," "good," "bad," etc, on what takes 
place. The assumption is that the teacher, knowing his 
intLMit and accurately apprised of the actual happenings 
tiiat occurred in the classroom, can supply his own 
judgments and make decisions accordingly. 

In order to quality as useful, a systematic observa- 
tion scheme should be: (a) descriptive; (b) objective; (c) 
easily mastered; (d) manageable by the classroom teach- 
er, and applicable to the classroom for the desired end; 
and (e) capable of providing immediate feedback. 

It must be descriptive because that is its whole 
reason for being to describe certain aspects o** what is 
taking place in the classroom. It must be objective; 
which means that its terms, definitions, criieria, check 
scales, etc. nmst be clear, precise and unambiguous, so 
that the same perception sets are conmumicated by 
them to all observers. The classroom teacher who is to 
use the scheme nmst be able to learn the definitions, 
symbols for recording, and techniques for interpretation 
quickly and easily in a matter of a few hours. If not, he 
will never become proficient and won't use the system. 
Tliough outside observers can and will sometimes be 
used by a teacher, if performance evaluation is to be 
fairly constant, the teacher will be doing nmch self- 
evaluation from audio or video tapes. Also, a particular 
system won*t be used if it doesift apply to classroom 
situatit>ns. or if it doesn't assess the particular classroom 
facets of interest to the teacher at a particular time. If 
the data provided by systematic observation are to be 
etYectively utilized, they must be available immediately 
to the teacher, and their mode of interpretation nmst be 
simple and straiglitforward emmgh so that little time is 
involved in their translation to an intelligible format. 

hi order to meet conditions c, d, and, tti a certain 
extent, e, above, a systematic observation scheme must, 
as I'landers has said, devote itself to "paucity of 
detail.** I^^j In other words, any single observation 
system can and siiould focus only on a narrow band of 
the total classri)om spectrum. Tliere are many variables 
within the classn>om of interest and importance to the 



teaching*learnintt*instructiotiai gestalt, It is impossible to 
consider ail these variables in a single observation 
instrument, 

Some hiteraction variables of particular Interest are: 
verbal, non-verbal, cognitive, affective, role structure, 
aiid shift, etc, Most systematic observation schemes now 
widely<Mnployed concentrate on only one of the above 
areas, A few combine two areas at a time. However, the 
more variables considered at one time, the more com- 
plex the system becomes, and the greater is the effort 
required to commit ground rules to memory and 
accuratHy transcribe observations. It is often better and 
easier to use several simple systematic observation forms 
than to try to use one very complicated one. Not only 
arc techniques simpler, but the teacher can better 
concentrate on one aspect as needed instead of trying to 
"change the whole world in a day," or being overcome 
by the vast number of needed improvements, 

Sometimes there is bemoaning of the somewhat 
imprecise nature of systematic observation schemes. This 
is to be expected in a culture conditioned to **hard" 
scientific data. However, when the relative youth of 
such systems is considered, the "state of the art" has 
really come a long way in a relatively sliort period of 
time. 

Mention of objective observation and the need for 
it has occasionally appeared in the education literature 
from the turn of the century onward. However, sys- 
tematic observation first appeared in the literature about 
1935 with Wrightstone's study of selected New York 
schools using "Newer Practices."(28l Its application and 
development was slow until the late 40's when several 
pioneering observational systems - many aimed more at 
socio-emotional climate than any other aspect - ap- 
peared, Tliese included work by Bales, [3] Medley and 
Mitzel,[2II and Whithall,[37| Tliese systems stirred 
much interest and were quickly followed in the next 
two decades with development of different systems and 
their application in research and teacher education by 
Flanders,{10j Amidon,[l] Hougli,I2] Ober, 29] 
Bellack,{5] Ryans,{33] Gallagher and Aschner,114] 
Combs, [7 1 Galloway and French,[12l Good and 
Brophy,(17] and Smith and Meux,[35| to name a few. 

There are two basic kinds of systematic observa* 
tions: sign or category. Sign systems tend to be 
checklist -like in nature. They consist of lists of be- 
haviors, and during a given period of time the observer 
checks the behaviors that occur, liach occurring behavior 
is checked only once, no matter how frequently it 
recurs. The 0,SCAR system, perfected by Medley and 
Mit/el,[22] is a fairly well known example of a sign 
system. 

A category system provides specific classifications 
whose operational definitions, characteristics, and 
symbols must be learned by the observer. At regular 
intervals during the observation period, the observer 
determines the behavior category being exhibited and 
records the symbol for that category. The same or 
different symbols are recorded during each time-period 
depending on the behavior being exhibited. A category 
system gives a running account of behaviors and their 
changes and responses whereas the sign systems give 
information about whether specific behaviors did or did 
not occur. The Flanders system is a category system. 

Generally, category systems are preferable when 
one aspect of behavior is being studied. They give a 
detailed, in-dcpth account o\' the occurrence of com- 



poiKMits of tluU aspect. Sign systems are pret'erublc when 
several anpeeU are being studied, as iVu initial or 
periodic surveys or \o check on teaching or instructional 
repertoires. 

Classioom observation systems can be categorized 
further as: cognitive, atTeclive, multi*aspect or multidi- 
mensional. Meux(241 classifies systems into one of these 
three categories based o\\ the systenrs Ci>mpt)nents - 
the aspect(s) selected as the unit of* analysis; attributes 
the characteristics, features, properties or qualities of 
the components: modes of conceptualization the ways 
of describing the attributes; and the kinds of relations 
the types of rules or laws uniting the system into a 
cohesive wliole, 

Cognitive systems are concerned with the type of 
intellectual activity occurring in the classrot)m, with the 
ways in which content is being presented and/or 
mastered. Systen\s developed by Smith et al.,(36] 
Bellack et a'h,(6| (Jallagher and Aschner,! 15) Mork's 
VRBL System (251 and Ober's l:TC system are cognitive 
in nature. (30) 

Affective systems focus on the social and/or emo- 
tional climate of the classrooms and the behaviors 
constituting that climate. Flanders' system(lll and 
those developed bv Hughes. [201 Whithail,{38l Galloway 
and French,! 1 3J and Ober^s RCS system |31] are atTec- 
tive in nature. 

Multi-aspect systems focus on several classroom 
aspects eniotionaK sociomelric, cognitive, etc. - at 
the same time Bales* system(4l and that of Medley and 
Mit/.el(23l arc multi-aspect in nature. 

The Flanders system has become by far the most 
familiar, widely-used, and copied of the systematic 
observation schedules used in American education today. 
First developed by Flanders and perfected and re- 
searched by Flanders, Amidon, and Hough, it is a 
system that is easy to learn, simple to record, and quick 
to analyze an altogether good method of ''getting 
your feet wet** in interaction analysis. However, it is not 
the be-all and end-all as it is sometimes represented. It 
has shortcomings. Mainly, it focuses on a very narrow 
range of classroom behaviors, treats the class as a whole, 
and over-emphasizes the teacher. It is, with ail that, an 
excellent beginning. It should not be, as it too of*ten is: 
beginning, end, and all the in-between. Revisions by 
Flanders, Amidon, Galloway and French, Ober, and 
others have made better instruments that check a wider 
variety of behaviors, and they are easy to use if one is 
already familiar with the original Flanders scales. 

Almost all of the systematic observation scales 
developed in the 40*s, 50*s, and 60*s share one over- 
riding shortcoming. Tliey categorize student behaviors as 
though the whole class behaved, reacted, etc. in unison. 
Only very recently have Good and Brophy,(18| and 
some others begun to look at interaction scales that 
observe dyad interaction between the teacher and 
individual pupils. Tliis is a good stride in the right 
direction because it should be apparent that in a 
thirty-pupil classroom, whenever the teacher interacts 
with the total classroom, there are really at least thirty 
separate interactions. Especially today, when Si) much 
emphasis is being placed on individualized approaches to 
learning, classrooin interaction systems must attend io 
individual efTccts of and responses ti^ group and mass 
communication. 

Tliis brief and parsimonious summary of systematic 
interaction observation scales is rather like viewing icing 



on a cake* it tells very little about the taste, compt)si« 
tioiu quality* etc. ot the cuke itself. That is only 
obtained by sticking In a finger, fork, or other utensil 
and bringitig a sample to the mouth. In the same way, 
interaction observation systems take on meanhig only 
when practiced, applied, and utilized tor teacher deci- 
sion-making. When so used, they prove to be valuable 
ti)ols for exteadh)g teacher awareness in a nmst critical 
arena. 
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SESSION E-5 

THE HIGH SCHOOL SCIENCE PROGRAM; 
NEW DIRECTIONS FOR THE FUTURE 

NOW AND THE FUTURE 

f-i'ancis X. FinigaiK Director of Science, Winchester 
Public Schi)ols, Winchester, Massachusetts 

Those of us who are iiivolved i!i instructional change 
are well aware that the present literature is filled with 
rctorm pn^pi^sals. Ma!iy experts are calling for alternatives 
\o structured learning. 

In his !iew book Learning for Tomorro\\\ The Role 
oj the Future in Education^ Alvin Toffler o\ Future Shock 
fame pleads for educators to develop an image of 
tomorrow's society. He emphasizes the need for 
immediate change. 

T<Kiay. i!i that veiii, 1 w^nild like to ptosent to you 
two alternatives to institutionalized learning. Altertuitives 
ill which I have been iiivoived. One presents a total cliange 
in the educational package dealing with the future. The 
other, in the immediate present, deals with a change in 
the method ol presentation of science material. 

First let me describe for you a movement that is 
presently emerging at the secotidary level and might well 
he the wave of the future. It is based upon the acceptance 
by adults oi the remarkable ability of children to learn 
and use materials far beyond our expectations and 
experience. The ultimate iiucnt being that children will be 
becter prepared for an effective role in an increasingly 
ciHiiplex .society if they aroff^oxposed to a more direct. 



real-problem*based approach to education than that wliich 
is allowed by traditiiinal curiiculur topics or by the variety 
of curriculum reforms that iwerwhelmed us in the 6t)\s, 

l»rom a conference held in Cambridge, Massacfnisetis» 
i\\ l%7 came the statement thai the objectives of .science 
and mathematics education as a whole muM be to increase 
the ability of individuals to make decisions, declsh^ns 
which will affect their own lives in society. Decisions at 
the personal level, at the level of trade and politics, and at 
the level of science and technology. Tllns objective 
demands that students learn the process of modeling a 
problem, h requires that they search out facts and 
Ci>ncepts that may be adaptable to a given situation. It 
further requires that the student develop conlidence in his 
method of facing real life situations. 

To aeeomplish that objective, students would be 
given recognizable* real, and practical problems. The 
practicality of the *'real world" problems would not only 
motivate the student, but also provide a criterion for 
judguig the correctness of hypvJlhe.ses and conclusions. 
Try it and see if it works. Furthermore, it was felt the 
solution to most real world problems would necessitate an 
interdisciplinary approach when their various aspects were 
examined. 

Tlie conference agreed that there would be 
ditllculties, FMrst, a better understanding of the problem 
solving process would be necessary, but the student*s 
appreciation of this process would then motivate learning. 
To accomplish this we would have to break down the 
organizational obstacles that militate against introducing 
such an approach. It would be concerned not only wiih 
science but also with mathematics and the social sciences. 
It would be problem-oriented, rather than discipline- 
oriented. It would not be the Unified Science of Ohio 
State but an interdisciplinary high school curriculum. It 
would not be a supplement to courses, but the core 
material of a course tVom which will come socially 
responsible and competent adults. 

The first steps f\)r the accomplishment of this 
objective have been taken. In 1073 at Hstes Park, 
Colorado, a two week conference was held on "The Role 
in the High School of Interdisciplinary Learning Through 
Investigation and Action on Real Problems/* The report 
from that conference suggested that while attempting to 
cope with the ^'knowledge explosion*' of leccnt decades 
there have been at least two unfortunate and un- 
anticipated effects. First, the learning-by-doing process 
that characterized the adolescent years of earlier times has 
been virtually eliminalod from education. We now learn 
by observing (reading, watching, listening). The second 
effect is a shift from education as a preparation for 
dealing with problems presented by the culture to 
education as a process of acquiring a prescribed body of 
knowledge. 

The educational system has expanded quantitatively 
to provide the extra years of education required for this 
process. But i!i turn there has been a lo.ss of appreciation 
by students of the value and power of learning causing 
intense disaffection among large numbers of today\ 
students. 

Mow then do we remedy this situatioif.' How do we 
provide a curriculum that reestablishes the connection 
between school and society, between student concerns 
and the curriculum? Mow do we reintroduce learning by 
doing? How can wo make our schools accept the fact that 
adi>lescents are remarkably competent people, but that 
they need the opportunity to assume active social roles? 
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How can we cause them to analyse and to take action on 
real pioblenis. and lo be held accountable tor those 
actions? 

These types ol' considerations suggest ;i problem- 
solvmg approach as a curricular vehicle for the integration 
of disciplines, school, socieiy, and the lives of students. 
These problems must be real to studvMits and relov;»nt to 
them as individuals and as members of their society. 

To argue that learning through problem-solving is 
educationally appropriate for adolescents in no way 
precludes or miniini/es the iininirlanco of learning by 
other techniques. There are many kinds of learning that 
caimoi be understmnl very well without some knowledge 
of tlie concepts and rationale of related parts of a 
discipline. I'or many students the most effective way to 
learn such concepts nuiy be the relatively traditivmal one 
of exploring the discipline m a logically ordered sequence. 

Tni sure we all reci»gni/e that this problem-solving 
approach can not be superimposed on presently existing 
systems that might be steeped in tradition* but ralher» 
would call for a restructuring of our schools, and just as 
importani^ new programs for the pioservice and inservice 
education of teachers. 

The i)bstacles facing the introduction of this type of 
program in the present day ctmiprehensive higli school are 
formidable. State and college requirements, the tendency 
to look upon teachers as subject matter specialists rathei 
than generalists. and the sheer si/e of most American high 
schools are formidable foes. 

The introduction of tliis type of education will be an 
heroic feat if ii is accomplished. 1 do feeMiowevcr. thai it 
is the direction that science education might well take and 
thai we shtuild be aware of that possibility. 

I wiuild like to focus specifically m the present 
rather than looking, as I have for the past few minutes, to 
a pi>ssible plan for the future. Let me describe an 
instructional style that might provide for you. as it has for 
us. an alternative learning experience to cotiventional 
scluu)! programs. 

We strongly feel tliat a student's educational 
experience can be brightened by a curriculum that stresses 
tlexibility and freedom, but also demands of the student 
the personal responsibility to make tlic most of this 
freedi>m. 

We have designed an independent study, self-paced, 
nuilti-level course in chemistry tliat offers studeiUs an 
alternative approach to education. One that we hope will 
have a positive psychological effect on student attitude 
both toward learning in general and science in particular. 

The classes are heterogeneously grouped. We wanted 
to eliminate the 'Smart" and "dumb'Mabels that often 
accompany grouping. Moreoever, we feel that students 
who are continually told that thoy are not capable often 
accept this appellation and will not try. It was further 
hoped that by beinj: placed with more able students 
DUtsido oi" a structured classroom situation these students 
might be encouraged by the more able students. There are 
man\ othvM" educatit>nal advantages for students in the 
program, lor example, a student, after an extended 
illness, mav pick up wheie his work was interrupted. 
.Students do not waste class time by coming to class 
unpiepared. Miueover, laboratory work is never per- 
lormed without tlie student being prepaied. We also 
encourage students to talk together during class because 
wv feel ih.ii much learning occurs when sludcnts can 
treel\ discusN nuiiual concerns. There are also non- 
academic lunclions which iinghi result from participation 



in this course. The student might find his putentiul tor 

accepting responsibility. He will discover leadership 
potentiah Inter«student competition lessens, Pacing is the 
responsibility of the student. 

Hiis program was not intended lo make any changes 
in content from a traditionally tauglit course but to 
change the metliod of presentation. We feel that making 
the atmosphere less rigid and more enjoyable would entice 
students to more willingly accept the responsibility for 
their education. 

Our high school is one of several schools in 
Massachusetis that has adopted an Open Campus 
procedure in which students in free time are not 
scheduled. The students are blocked into chemistry for 
ten, 40-mimite periods a week. They ate, however, imly 
required to aMend any six of those ten periods, but with 
open campus they may spend more than ten perivuls in 
chemistry. The chemistry laboratory is open to students 
in the program from eight o'clock to three o'clock every 
day with a teacher or a paraprofessional always available. 
Adioining the laboratory are two classrooms, one for 
testing and one t\>r studying. At any given time several 
activities, ranging faun testing and laboratory experiments 
to small group discussions are usuidly going (Ui. 

Immediately after the studeiu signs in, he is 
responsible for checking the bulletin board for any notices 
dealing with the course. The course outline is on a large 
chart vm the wall and indicates the basic program order. 
On the blackboard is a further breakdown into the three 
levels of instruction we have established for the course: 
diploma credit, college credit, honors work. Also listed 
are any of the additional learning aids which have been 
prepared to supplement or replace the basic program 
material. There is a calendar witli important dates and the 
weekly position of "Joe Average,'' the place where most 
students should be. 

Tlie course 's lab-^)riented and each student in the 
college preparat»..y program docs a minimum of fifty 
hands-on labs during the year with materials placed in tote 
trays. Only one tray is necessary for each experiment 
since the st idents are all at various places in the course. 
There are many labs going on at tlie same time with 
students working as individuals or in small groups. The 
answers to all practice problems and labs are available to 
students so that they can determine their level of 
comprehensiiin. 

TV lectures by one of the instructors are used to 
supplement the reading to aid those students who have 
difficulty reading. Demonstrations are also done on tape. 
The student signs a request sheet for the particular lecture 
he WiJuld like and the time he desires to see it. 

At one end o\' the laborator> is an octagonal carousel 
where demonstrations dealing with such topics as 
bonding, solubility, and electro-chemistry may be seen. 
Tiiese study areas may also be used to view tllm loops or 
tilnistvips, overlays or other learning aids. 

There arc many optiiMis available to students who 
may desire to study alone or work in small groups. Not 
only has small group interaction been very significant but 
often a gi>od student helps a slower student. We have 
retained the interest of students wlio formerly would drop 
out. In turn, a more able student can move ahead without 
being held back by a less able leainer. 

\Since the teacher is no longer lecturing he is now 
available to work individually with students. We have all 
been in the pt^sition in the classroom where a student 
might have a question on a concept. If he is unable lo 



have it answered iniiuediately. he might then he lost for 
the remainder of the lesson. The opport unity is here to 
teacli a student when he wants u\ learn. If a group has a 
piohleni a teaclier can join in the discussion when 
ntenihers of the group want to learn. A teacher may also 
demonstrate various lab methods and techniques when the 
students an* interested. We also have been fortunate in 
having a well qualified paraprofessional who can not only 
prepare solutions but many times Is able to help a student. 

Our testing program composed of two parts, the 
self-tests and check-point tests is part of our school 
philosophy of freedom and responsibility. Self-tests are 
graded by the students themselves. They are distributed 
by Dr. Doolittle, a box on the counter. The student takes 
a test, grades it himself, and records the grade In a grade 
book. If he is not satisfied with his performance on the 
test, he can take another comparable test and we will 
accept the better of the two grades. The student then files 
the test in the *\>range thing** as a permanent record. The 
check-point tests are given at the end of units of work. 
Tliese are administered by the paraprofessional at the 
request of a student. In order to receive credit for tlie 
unii*s work, the student must score within ten points of 
the average he received in his self-graded tests. He may 
take the unit lest four times (we have four forms of tlie 
same test). We then take the average of the highest two, 
Insta^nt evaluation of the self-tests affords the student a 
psychologically optimum opportunity to learn from 
mistakes. 

How, finally, do our students receive grades. The 
grading method i** made known to all students. Tlie grade 
is totally cumulative. A student, therefore, is never behind 
the class. He is competing with himself. To calculate the 
grade we use a quality and quantity factor of 50 percent. 
The quality is determined by valuing the self»tests and 
check-point tests at 50 percent each. This average is 
multiplied by the quantity factor which is determined by 
the ratio of the number of programs completed by the 
student to a predetermined number of programs set by 
the level of achievement for which a student opts. This 
would be 40 programs for diploma dredit, 57 programs 
for college-prep credit and alt programs (about 70) plus 
six extra labs for honors credit. Upon successful comple- 
tion of a unit a student^s average is calculated using a 
fVactional part of the above requirements and a letter of 
performance is sent to the parents. 

Beyond the basic programs we make available to all 
students small basic understanding programs dealing with 
such topics as mass spectroscopy, infrared spectroscopy, 
and x-ray crystallography. They study spectra and 
calculate various energy levels and must answer questions 
such as *'What do the bright lines tell us about the theory 
of electron energies?'* 

They calculate the distance between carbon atoms in 
oleic acid now knowing the molecule is not a straight 
chain. They use pH meters. Many of the labs are taken 
tVom college texts. We are able to use the best labs from 
all available sources. 

Another alternative feature of this program allows a 
student who docs not complete the course in one year to 
reiurn the t'ollowing year and receive full credit. We also 
have students starting the course in their free time now 
for next year. 

A further responsibility accepted by the students is 
their part in cleaning up the lab. Hach student is assigned 
clean-up duty about three times a year. 

Finallv the standari/ed A(\S-NSTA Chemistry 



Achievement Tests were given to ail students who took 
chemistry under this approach and under the standard 
approach. No signitlcant difference was found in the 
results. The results on the college board achicvemein test 
were not significantly different. 

An attltudiiutl survey was conducted and most 
students indicated they were happy with the approach of 
this course. 

Ijest I mislead you in stating the level of attainment 
of our goals let me remind you as W. James h)pham did in 
an article in luiut'afhnal Tirhnohgy of hily 197,1, "there 
are always develo{)ers who will attempt to accomplish 
goals which, at this point fall beyond the ca|xtbilitles of 
current development expertise," 

Take the case, for example, of an eastern regional 
laboratory staff member who during the bulk of his life 
had viewed with chagrin manifestations of antisemitlsm. 
Having served an apprenticeship period of two years in the 
product development activities at the lab, this developer 
set out to deal with the problem of antisemitlsm in an 
ingeniously straightforward fashion. He would simply 
make everyon.^ Jewish! The developer clearly over- 
estimated the potency of our current development 
technology.** 

Obviously I make no claims that we are that far along 
in our development. I do feel, however, that students not 
only have a good understanding of science and chemistry, 
but also in many cases a better understanding of 
themselves and what is meant by responsibility. 

The system is designed to effectively handle small or 
large enrollments while retaining the humanistic qualities 
of a one-to-one student-teacher relationship. 

Tills program has forced us to take a new and more 
intense scrutiny at the results of education. Our future lies 
with diagnosing learning problems, developing curricula, 
and creating and selecting media to assist us in the 
solution. 

Wliat then do we feel we have? 

A place where the teacher is a director of learning! A 
place where students are encouraged to experiment and to 
record their experience in a meaningful way! A place 
where no two students might be on the same subject at 
the same time! A place wher<^ students and teachers are 
people! A place where people are listening to people! A 
school! 



NEWTRITION NOW^A NEW SCIENCE PROGRAM IN 
THE CONTEXT OF AN URBAN COMMUNITY 

Mary Hughes, Director, Newtrition Now Program, 
and Lecturer, School of Education, University of 
Pittsburgh, Pennsylvania and Leo II Klopfer, Pro- 
fessor of Lducation, University of Pittsburgh, Penn- 
sylvania 

Testimonials abound about the shortcomings i)f 
high school science programs in meeting the needs of 
general education for today*s youth, especially in urban 
areas. And science teachers are worried. Tlie worry 
stems from the rcali/ation that the criticisms are all to!) 
true, that most of the content of high school science 
courses has little relevance to real contemporary prob- 
lems, and that all too many students fail to see much 
value in learning science. Tlie worry is aggravated by the 
lact that it is far easier to recogni/e what is wronj; than 
to devise practicable alternatives that are better. 
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\VV\c known Un a lon^s tinio that science pn^grams 
iicsitincd for tiiMUMal education should appnipiiatciy 
tocus on uKMUV ClUUOlU that is relevant to today's 
social problems and issues. We also know that most 
siudenis will iind Uie leariiiiiji ot science vahiable only 
to ihe extent that what the\ learn is nioaniiigt'ul to 
themselves personalK. When it conies to science teaching 
m urban areas, wc are toM that the cimient and 
strategies ot instruction ought to be luatclied to the 
particular needs, wants, and oxpcotations of the students 
in the connnunity. And we are advised that it is a good 
idea to uivolvc ihe ciunminntx in some way in school 
pit^grams. These good ideas and others are available to 
tlie educator w ho wislies to devise an alternative science 
program, llie dit'ticult part is putting the elements 
togethei ifi an operational way. 

Xi'wtnaon A'r»u- represents one attempt to apply 
what we know about science instruoiion tor general 
education to the operatimi ot' a science program in an 
urban cmnmunity coiuext. The program embodies a 
unique appriMch to lit'e'science instruction tor middle 
and high school students, tor parents, and tor the 
elderly in urban neighborhoods ol* Pittsburgh. It piHs 
health, education, and cmisumer professionals in direct 
contact with students, and prepares those stndems to 
assist parems and the elderly in nutrition education. The 
program increases studeins' awareness of nutrition as a 
personal health and consumer concern by administering 
individual dental, physical fitness, diet, and nutrition 
tests, and through interactions with prot'essionals from 
connmmity health and consumer agencies. 

The distinctive characteristics of* the Xcwtrition 
Xtw program may be suininari/ed as: (a) relevant and 
personalized science ctiiitcm, and (b) commimity 
invoivcment tor science leacfiers and students. 

Content of the Program 

Nutrniun is curremly a much publicized health 
concern. .Americans have become more "nutrition ciui- 
scious" in recent years and are likely to associate good 
nuiriliou with good health. However, this exposure to 
general int'ornuitiim about the importance nutrition 
does ih»t automatically make i. relevant to the high 
school science student. 

httective instruction is more than telling or lec- 
turing, demonstrating, assigning, and grading recitations, 
laboratory nivestigations, tests and papers on current 
nutritii>n irjtormation. It* we warn the students to 
acquire specitu* initritiiMi coiuent, they must be able to 
perceive that this c^nnem is directly related to their 
persi^nal griuvth and development. The instruction must 
be potsonahzed. Personalization is achieved in the 
Xcwtnth^n .Vou- program by including a sequence of 
concrete experiences that give each student measure- 
mems n\ i;is or her present mitrition and health status. 
These nie.isuremems beci>me the basis of the instruction. 
Persoii.ili/od instruction is in accord with two assump- 
tions .ibout learning stated by Postman and Weingartner: 
1. I.e.irmng takes place best, not when it is conceived 

a^ a pieparathni for life, but when it occurs in the 

ctJiilext of real daiK lite. 
1. The best time to loam anything is wlien whatever is 

to bo le.irned is intinediately useful.^ 
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The personalized instruction in NewnitUm Mne 
begitts with the collecting of data on each student. 
Students are given tour tests: Diet and Weight Assess- 
inent» Physical Fitness Tes{» Mouth Test with Denial 
Hygiene Rating, and Blood Test for Iron Content. These 
tests are administered by health professionals from the 
community. 

Now the student has a personal evaluation of his or 
her test results. This evaluation introduces the student 
to the ciuilent of the curriculum of NcwtritUm Ntnw 
The relationships between the tests and the content are 
outlined below. 

Test L Diet hiterpretatitm with Weight and Height 
Ratings 

The student e.xamines his own dat;» and recognizes their 
relationship to the following miMition contem: adequate 
diets, dietary standards, nutritional status, kituls of 
nutrients, digestive system. 

Test 2, l^hysical l-itwss Test 

The student calculates his score on the Harvard Step 
Test, which is an index of circulatory-respiratory capac- 
ity. This imroduces the following biological content: 
heart and exercise, circulation and respiration. 

Test 3. Mouth Test and Pent(d /hgiene Ratinj^ 
The student's rating on the dental hygiene assessment 
imroduces him or her to the unit's section on Health 
Concerns. The heabh concern .specifically related to this 
test is the teenager's dental problems. 

Test 4, Blood Test for iron Content 
The studem's iron content is measured by visiting nurses 
and compared to normal levels. This test introduces two 
serious nutritional probletns that are discussed in the unit: 
obesity, adolescent pregnancy. 

From the evaluation o( the several test results, the 
student can assess his or her need for improving or 
maintaining present nutritional and health status. Hence, 
the student realizes that the content studied in the unit 
can be put to innnediate personal use. In addition, the 
use of some of the unit's content h in itself reinforcing. 
If a person maintains a I'^ulance between calorie intake 
and calorie t)utput. he or she practices good imtrition 
and its efTecls can be readily recognized in weight 
contrcd and physical fitness. This personal payoff is 
important. Tackling the air pollution problem, by 
contrast, may have little personal payofT and requires 
collective efTmts for imprtwement. If a person stiq^s 
backyard burnings, there is not the same dramatic efteci 
on air pollution as there is from practicing good 
luurition. 

As part of the Xewtrition Xoxe program, students 
visit their local supermarket, where food store represen- 
tatives, nutritiimists. and consumer protection represen- 
tatives explain their concerns tor wise and nutrition- 
conscious marketing. Tliese sessions are taped. Students 
review these tapes in school and. during! tlie final week 
of the program, discuss such issues as nutritional 
labeling, recommended daily allowances of nutrients, 
code-dating, and unit -pricing. 

Instruction in the nutrition program differs from 
that found in most secondary science classnnmis. Var* 
ious learning strategies, grouping of students, external 
resources, and an individualized management system are 



all pan of ihe pn^cess of persv)nali/ing instructioiu The 
various leanunji strategies employed are: 

1. Individual Lessons Students work independently 
on mitritiun lessons. Tlie pattern for these lessons is 
the Voit Unit, hhUvkUiaHzed Science Program.^ 
Students tinish tliese lessons at their own rate, 
aurect them, and arrange for remedial instruction 
il* necessary. 

2. Uboratory Work lixercises testing for the various 
nutrients in foods are performed. Students choose 
from several alternative investigations the number 
and kinds of chemical tests needed to consistently 
identify specific nutrients, 

3. Interpretation of Personal Data In seminars, health 
professionals from the community interpret the 
results of the dental, diet, physical fitness and 
blood tests. In these small group sessions students 
are able to ask questions about health concerns that 
they might be afraid to ask in a large classroom, 

4. Current nutrition films are used to introduce the 
four health tests and the related content. 

To manage the program's various activities. New- 
trition Now utilizes flexible groupings of students. 
Classes are initially divided into three groups: A, B, and 
C. A weekly Planning Sheet designates the sequence of 
movement to the various activities for each group, e.g., 
individual lessons, laboratory work, health test, film, or 
seminar. The Planning Sheet is also used by the student 
and teacher to chart individual progress through tht 
nutrition program. Students who wish to repeat certain 
activities may exercise that option. Some students may 
initiate new activities. Through the use of grouping and 
the Planning Sheet, Newtrition Now classrooms display 
characteristics of individualized instruction. 

Community Resources and Involvement 

The second distinctive characteristic of the program 
is the use of community resources to enhance science 
instruction. Nutrition is not only an individual problem, 
it is a community concern. Because this is true, and 
because most community agencies have a commitment 
to community education, educational forces other than 
the school can be expected to help in an instructional 
program on nutrition. The health and consumer agencies 
in urban neigliborhoods provide expertise that is invalu- 
able \c life-soience instruction. The urban community 
with its neigliborhood health center, community services 
center, and centralized shopping area provides many 
resources that can be coordinated. Newtrition Now, 
recognized as a supportive service to the school and 
community, provides the mechanism for health and 
consumer professionals to share their expertise with 
science teachers in a nutrition education program. 

An important consideration for teachers in working 
witli community professionals is the preparation of 
students for the participation of the "outsiders.*' Some 
assurance must also be given to these professionals that 
their contribution will have classroom follow-up. It is 
nut an easy task to keep health and C(msumer profes- 
sionals involved in programs with high school students, 
llie mechanism that Newtrition Now initiated is that 
the high school provides a clinical setting for the 
training of health professionals in preventive medicine. 

^This program was developed at the Lcarninji Research and 
Development (enter. University of Pittsburjjh, and is published 
by Imperial International Learning, Kankakee. niinoi.s. 
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Tlie schools of the health professions recognize educa- 
tion as preventive medicine. This places the responsi- 
bility on the high scliool teacher to provide feedback to 
the health professionals concerning the classroom reac- 
tion to their message. This symbiotic relationship 
between high school and liealth profession school 
strengthens the mechanism for continued involvement. 

The community agencies contributing services, facil- 
ities, and/or personnel to Newtrition Now include: 
University of Pittsburgh, Graduate School of Public 
Health, School of Dental Medicine, School of Education; 
Pittsburgh Board of Public Education; Diocesan School 
Board of Pittsburgh; Allegheny County Health Depart- 
ment; Pittsburgh Dietetic Association, Advisory Com- 
mittee; Shadyside Hospital, Dietetic Intern Program; 
Magee Women's Hospital; Children's Hospital; Neighbor- 
hood Health Centers; Pittsburgh Food Chains, H.J. 
Hein/, Co., and (Jiant Eagle Markets. 

The Newtrition Now program is attempting to 
bridge the gap between community and classroom, first 
by bringing professionals in nutrition, health, and con- 
sumerism into the schoolroom, and then by taking the 
student-graduates back into the community to assist in 
the nutritional educati(m of the elderly. Real commu- 
nity-school involvement necessitates this two-way traffic 
flow. Volunteer student graduates of the program take 
part in seminars to prepare for work instructing parents 
and the elderly. These seminars are conducted in senior 
citizen's lounges and cover topics such as meeting elderly 
people for the first time, explaining the program to 
them, exploring ways of being helpful to them, exam- 
ining the physical facilities for program implementation, 
and dividing the work it.ad. Tlie program director and 
staff conduct these student sessions. 

Upon completion ot this training, Newtrition Now 
staff and their student helpers conduct the nutrition 
education program for adult and senior citizen groups. 
The components of the community program are essen- 
tially the same as the school program-dental health, 
physical fitness, diet and weight control, and food- 
buying. The instruction is geared to the health concerns 
of each group but the basic information remains the 
same. It is important that student volunteers are familiar 
with the basic content of the community programs. 
Students help as tutors, transpt^rtation aides, food aides, 
social service aides, and shoppers. Tfie element of 
community service in New^trition Now has been mutu- 
ally acceptable to adolescents and senior citizens. 

History and Prospects of the Program 

Newtrition Now operates by invitation only, but 
any school or neighborfiOod recognizing a need for 
nutrition education is eligible. Tfie pilot study began in 
the fall of 1972 at an urban high school in Pittsburgh. 
The study was done by the H, J. Heinz Company in 
conjunction with regional medical programs and the 
Diocese of Pittsburgh. With the demonstrated success of 
the higli school program, Newtrition Now mewed to the 
neighbt^rhood parochial school. Senior Citizen's Lounge, 
and the YWCA and YMCA Outreach Programs. During 
the first year of operation 200 inner-city residents 
received the nutrition program. With the endorsement of 
the public and parochial sciiools the program has 
expanded to the north side of the city of Pittsburgh. 
Tliis year the program has serviced over 300 students, 
150 senior citizens and 80 ^Kiults. 

Tlie professional involvon.ent from the University 



of Pittsburgh, city hospitals and County Health Depart- 
ment CiMitinues. It is pri>posed tliat Newtritkm Now will 
become a clinical experience with accreditation for the 
training of health professionals from these contributing 
agencies. 

Newtritkyn Now continues to expand as it con- 
tinues to meet its stated objectives: first, to increase 
nutrition and consumer knowledge; second, to provide a 
program that makes health and consumer education 
interesting and pertinent to participants. 



SESSION E 9 

AN EVALUATION DESIGN OF THE JUNIOR HIGH 
SCHOOL SCIENCE PROGRAM 

John t. Ri)ller» Associate Science Supervisor, Tulsa 
Public Schools, Tulsa, Oklahoma 

The program is designed as a self-paced, laboratory 
approach to science. The materials are organized in three 
levels which represent first » second, and third year science 
programs. Le^el f content covers concepts selected from 
all three of the major disciplines of science -life, earth, 
and physical. Tlie laboratory empha.sis is on energy. Level 
II content also covers concepts selected from all three 
major disciplines of science. Tlie laboratory emphasis is on 
matter. Level III is much less structured than the first two 
levels. It affords students the opportunity to select 
minicourses or modules from the disciplines of life and 
earth science. 

Tlie program is not centered around any one 
instructional strategy » such as a textbook-lecture ap- 
proach, but utilizes the media best suited for the student 
in a given situation. Tlie laboratory material is a 
commercial program developed at Florida State Univer- 
sity. This Intermediate Science Curriculum Study (ISCS) 
material emphasizes the pri)cesses of science. The 
enrichment component developed by the Science 
Department of the Tulsa Public Schools, at each level 
emphasi/c he concepts of science. 

The Level I and li materials have been used for three 
years and some of the eiglu modules at Level III are in use 
at Wilson. 

Clevthvnd, Clinton, Fi)ster, Lewis and Clark, and 
Skelly have been in the program for two years. Anderson, 
Bell. Gikrcase, Mi)nroe, Nimitz, and Roosevelt have been 
m the proijram for one year. Carver, Hamilton, Madison, 
llioreau. Whitney, and Wright are in the program fi)r the 
tlrst time this year. All priMCct schools are now vohuh 
tarily Ciunmitted the ju.iior high science program. 
Pri>iect sctu)i>ls have or will drop biology and have or 
will have some seventh grade students in the science 
program next year. 

Project Objectives 

1. To pri)nuUe among students a pi)sitive attitude 
toward science. 

2. To develop some of the science process skills sucli as: 
ob^o^ving, measuring, classifying, predicting, infer- 
ring. fi>r!nulatmg hypotheses, ci)ntri>lling variables, 
mterpreting data, defining ijperationally. 

3. To deveU>p an understanding of some c^mcepts 
selected from all three inaji>r disciplines of 
science life, earth, and physical. 



Evaluation Procedures 

Objective 1 will be evaluated by administering a 
questionnaire to samples of students in grades 7, 8, and 9 
in each project school. The questionnaire, to be 
administered in February 1975, will be constructed by the 
Department of Instructional Research, 

Objective 2 will be evaluated by on*site visits by Polk 
and Roller to all project schools. A written observation 
report will be submitted by March 1, 1975. 

Objective 3 will be evaluated with a criterion- 
referenced instrument, Tliis instrument, developed by a 
team of Tulsa Public School personnel, will be 
administered to samples of students in grades 7, 8, and 9 
in each project school by April 1 , 1975. 



SESSION F 3 

PROLONGED SIMULATION ENVIRONMENTS 
IN THE CLASSROOM > 

Michael Babcock, Teaching Assistant, State Univer- 
sity College of New York, Plattsburgh; and Sandra 
Latourelle, Teacher, Ausable Valley Central School, 
Clintonville, New York 

We have known for many years that child-centered 
activities can be used to reinforce old skills and place 
new ones at the child's command. It has also been 
shown that single concept units can be taught with these 
types of activities. Tliis paper describes a study in which 
we attempted to exploit such activities and concepts 
using long-term activities built around a limited amount 
of subject matter. 

We termed this long-term activity **a simulated 
environment.*' (We chose this name because of the 
structuring of the activity.) Basically, the environment 
was designed as an information processing situation. 
Children in the seventh grade were presented with 
pri)blems to solve, each problem being designed so as to 
encourage the learning of new skills and to reinforce 
previously learned skills. It was hoped that with these 
skills the children could then solve their assigned problems 
by processing the information that they had found. 

We began our study in September 1972 at Ausable 
Valley Central Middle-High School (Clintonville, New 
York) with a seventh grade Life Science class. Tlie class 
consisted of 28 students grouped in a heterogeneous 
manner. The class contained individuals from widely 
varied socioeconomic backgrounds. 

We chose this class because of the students* lack of 
basic academic skills. Many read one to two levels below 
frado level. Most had never taken notes, used the 
library, or had to org;inize a plan of action. Because ot 
their limited Vi)cabulary, they could ni)t readily 
connnunicatc their ideas. Many of the children could 
not work in groups without loud verbal exclianges. We 
were hopeful that the learning environment we were 
setting up would alleviate these sol'?ul and learning 
pri)blems. 

Tlie planning of activities involved consideration of 
learning and beliavii)ral problems. We felt that we ct)uld 
attack bi)lli typos of problems by including both Si)cial 
and academic activities. 

With what we lu)pcd to accomplish, i)ur objectives 
had ti) be dilTeront from those designed for an average 
class, liacli i)hjeciive not only had ti) help prcseir 
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material but also liad to help that person overcome his 
4)r her special problem. Tliere were eight objectives set 
for the program. 

1. Hie material or information had to be easily 
retained. 

The learning of concepts has always been 
better when connected with a concrete action. To 
accomplish this, we designed most of our informa- 
tion processing and transferring steps as physical 
actions. Much information came from actual experi- 
ments carried out by the children. These experi- 
ments were designed, constructed, carried out, and 
evaluated by the students themselves. To transfer 
this information to others, they built models, drew 
maps, and performed illustrated experiments for 
their classmates. 

2. Tlie classrt)oni environment had to help them see 
their own environment from an ecological point of 
view. 

This phase was accomplished through the tests 
and experiments that the students performed. When 
air or water was to be tested, each child would 
bring a sample to test. Under certain circumstances, 
the tests were done at home and the data reported. 
By making their homes, neighborhoods, and schools 
part of their environment, the children began to sec 
that they were not isolated from the rest of the 
natural environment. 

3. Tlic classroom environment had to assist them in 
seeing what wMivironmentally unsound practices can 
dt) to the eiivironment. 

To illustrate Mie effects of environmentally 
unsound practices, groups of students set up ter- 
raria a. id aquaria* ''^len the ecosystems had stabi- 
lized, tfie students would then introduce set quan- 
tities of toxins to observe the effects on the plant 
and animal life. Tlie students were asked to 
consider how this poisoning could take place in 
their home town. 

4. The classroom environment had to show them 
where the law could be used in the fight for 
ecological improvement. 

For this phase, a court system was initiated. 
Here, mock trials were staged with the students 
playing the parts of judge, jury, attorneys, ecolo- 
gists, and corporations. 

5. The classnn ni environment had to help them to 
discuss legislation concerning the environment intel- 
ligently. 

Through the simulation, we hoped lo encour- 
age the students to try to understand what the laws 
meant. To foster this understanding the court 
system (from objective ^^4) was used extensively. It 
was thi>ught thai the level ol' understanding 
achieved hy the students would largely be due to 
their desire to participate in the activities. To 
participate, they luid to uiiderstand what was going 
oil. 

6. The classriMJin environment had to help improve 
reading, spelling, and vocabulary. 

Workifig from Mie assumption that the low 
levels of reading, spelling, and vocabulary ctniid be 
attributed U) the existence of a coiiceptuali/aiion 
pri)bleni. wc added a large number t^f high interest 
low reading level books ti^ our library. These 
mnterlals proved to be an asset lor the students 
when they tackled more advanced reading material. 



Spelling and vocabulary were treated In the same 
manner. The new words were then made a part of 
the classroom vocabulary through selected activities. 

7. The classroom environment had to foster library 
skills and good notc-takitig. 

In an effort to accelerate the eventual use of 
the library, we brought no reference material into 
the room. All background research was done in the 
library. 

When a child went to the library, he or she 
was shown by the librarian how to use the card 
catalog, the Readers Guide and other indices. After 
this introduction, he or she was expected to find 
his or her own material. For children who had 
difficulty, the process was repeated as many times 
as necessary. Under no circumstances did we or the 
librarian obtain any books or materials for a 
student. 

To encourage the skill of note-taking, we 
allowed a certain amount of frustration to build in 
the students as they tried to work with large 
amounts of uncondensed material. Eventually each 
would find that it was a necessity to take notes on 
what he read. 

8. The classroom environment had to promote social- 
ization. 

As stated before, most of the students found it 
difficult to work in small groups. To help them 
overcome this disability, we instituted a program of 
socialization. Small groups with common goals were 
allowed to form (i.e. environmental law, environ- 
mental chemistry, concerned citizens, etc.). For any 
of these groups to succeed at or accomplish 
anything, each persim had to **pull his own 
weight.'' These goal-directed groups increased or 
decreased in size as interest waned and new goals 
were found. 

All materials, equipment, and back-up setups that 
were used in this study can normally be found in any 
junior high or senior high school science classroom. 

This study was carried out over a four to five week 
period. We felt that this amount of time would allow 
each student (progressing at his own rate) ample time to 
complete the available activities. Our grading system was 
based on various criteria: 

1. Tlie amount of information retained by the stu- 
dents. 

2. The amount of work accomplished. 

3. Growth in the social and personal domains. 

4. Growth in creative thinking capacities, that is, given 
a problem to solve could tliey form a plan of 
action. 

On the day the "game** began, the students were 
asked to assume roles. Tlic groups became iiidustralists, 
ecologists, professionals, and ordinary citizens. Tape- 
recorded instructions were given to each group to help 
set tlie mood. 

After the introductions, the students were alh)wed 
to research their respective roles. They examined policies 
and philosophies of industries and municipalities. Ilach 
group was responsible for drawing and labeling its 
factory, utility, or park (ui a master {own map. Once 
tiie map was completed (now it served as a game board), 
it was studied carefully by all groups so as to ascertain 
whether or not a particular factory or mill contributed 
to pollution in the village. II" the ecologists leit a certain 
group was causing a pollutimi problem, they were 



required tu go through proper court procedure to obtain 
red I ess: 

1, Obtain a court order from the judge. 

2. Serve a subpoena on the offending group. 

3, Secure time on the court calendar. 

4. Participate in the court action. 

The jury was picked from citizens groups and the 
prosecution and the defense chose their legal represen- 
tatives. Tlie judge had been previously appointed by the 
class. 

It was of interest that the first trial almost did not 
Dccur because of the lack of a Bible. Two of tlic 
**citi/ens'' donated a handmade gavel. (*Mt adds class/' 
they said.) 

Tlie ensuing trials were rather interesting. Some 
were lost due to lack of evidence (poor research). Some 
were won through hard fights and heated debate. 

Tlie outcomes of this project were many and 
varied. &)nie objectives were achieved while others were 
not or u:^re only partially achieved. In relation to 
i)bjectives posed, the results were as follows: 

1 . Tlie material or information had to be easily 
retained. 

There was a decided increase in awareness of 
what was happening in the real world. Students 
briuight in newspaper clippings, verbal contributions 
taken from television newscasts and personal exper- 
iences. 

An interesting outgrowth of the activities was 
the students' disregard of manufacturers' slogans 
and jingles and their subsequent demand for cold 
hard facts about a particular product or process. 

Early in the project, students would tend to 
solve pollutiim problems by demanding that an 
otYending factory or facility be shut down. Soon 
taccd with economic ruin, the students were forced 
to compromise and face what can best be termed 
economic reality. (You do not solve tme problem 
by creating another.) 

2. file classroom enviromneni had to help them see 
their own enviriuiment frcmi an ecological point of 
view. 

Students, as the term progressed, began to 
show more and more awareness of unsafe practices 
in their comnmnity, lor example, commercial efflu- 
ent treatment, indiscriminate landfill, and the need 
for environmental planning. The children used local 
television broadcasts and newspapers extensively in 
keeping track of development in their community. 

3. Tlie classroom environment had to assist them m 
seeing what environmentally unsound practices 
could do to the environment. 

Tlie general classroom took on a new appear- 
ance. Pictures, news clippings, and magazine articles 
suddenly papered the cabinetry. All dealt with the 
results i)f ecologically unsound practices. At the 
beginning of each class session, many hands would 
go up to tell us about a situation recently discov- 
ered. 

4. Tlie classroom environment had to show them 
where the law could be used in the fight for 
ecological improvement. 

5. TIk' classnunii envircmment had to help them to 
discuss legislation concerning the environment intel- 
ligently. 

Hven we were astonished at the development 
i)f 30 budding Daniel Websters vying for a chance 
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at the devil (pollution). Suddenly terms like writ, 
injunction, subpoena, briefs, and **objection sus- 
tained** were **household" words. Iwen the most 
shy and retiring student became involved in the 
drama that unfolded before us. Hearsay, common 
knowledge, and circumstantial evidence meant noth- 
ing, Iwery argument needed to be backed by fact. 

6. The classroom environment must help improve 
reading, spelling, and vocabulary. 

Large numbers of entirely new words began to 
creep into the children's vocabulary. As time 
progressed, more and more attention was paid to 
spelling througli such avenues as letters to local 
businesses, court briefs, and court subpoenae. 

They began to take pride in their literary 
accomplishments. Questions like **How do you 
write a business letter?** were asked of their English 
teachers. Other teachers, also questioned, began 
asking the students just what was going on in their 
science class, Tliese teachers were rather surprised 
at the lengths to which the students went in their 
explanations. 

7. Tlie classroom environment had to foster library 
skills and good note-taking. 

Here we found that students had not pro- 
gressed as far as we had hoped. Although not 
developed to their fullest potential, library skills 
and notetaking improved markedly if improvement 
is judged by the accumulation of materials by the 
students. 

8. Tlie classroom environment had to promote social- 
ization. 

During the first couple of weeks in school, 
petty bickering made instruction difficult. With the 
institution of the simulated environment, the stu- 
dents now found that the bickering hurt only them. 
The accomplishment of tasks forced group coopera- 
tion and gradually this group interaction became a 
way of approaching most problems. 
We have concluded from our study that a child- 
based, child-initiated learning situation guided by the 
teacher can produce results that outstrip a traditional 
classroom approach. We base this judgement on the fact 
that traditional (lecture) classrooms provide growth 
mainly in the academic domain. The simulated environ- 
ment helps to develop a more well-rounded person by 
providing development not only in the academic domain 
but also in the personal and social domains. 

We have conducted a similar study with a class of 
tenth grade students. The results suggest that the 
approach we have described will work well with any age 
group, economic bracket, or IQ. That the simulated 
environment approach to learning allows the child to 
progress at his or her own rate, undoubtedly contributes 
heavily to its apparent success. The student is also 
allowed to provide his or her own personal meaning for 
what he learns. 

We believe that the simulated environment 
approach allows considerably better learning to take 
place in the classr(U)ni than does process instruction. 
Unlike process instruction or BSCS which provides the 
student with only one way of solving a problem, 
simulated environments, operating on the premise that 
we each see things differently, lays open all avenues for 
problem solving. 

We believe that the most important pari of the 
simulated environment approach is its ability to teuch 
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the studeiii how to teach himself. We believe that tlie 
ability of u person to teacli hitiisclf new concepts and to 
iniderstanU ideas previously foreit^n to him are essential 
to the development and manitenance of an educated 
citi/enry. The simulated environment approach provides 
an effective way of achieving these goals. 
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SESSION F-4 

HUMANISM, CREATIVE THINKING, AND SUBJECT 
FUSION; BASES FOR SCIENCE ACTIVITIES K12 

Arthur Carin, Associate Dean, Queens College, City 
University of New York, Flushing 

We are at the end of a curriculum era in science 
teaching, the next period is already emerging with 
different goals, subject matter and instructional 
characteristics. . . , A majority of teacher education 
programs of the 1970's are largely obsolete because 
they are designed to teach the science of the 1960's 
and there is little attention to on-going cultural 
changes and emerging science curricula. [5| 
It is evident from Paul DeHart Hurd's statement 
above, that *Ve are at the end of a curriculum era in 
science teaching,'* At the same time the elements of the 
new science programs are finding their way into the public 
schools, the inevitable swing of the educational pendulum 
has iilready started its counter swing as Professor Hurd 
said further, *\ . . the next peri^xi is already emerging with 
different goals, subject matter and instructional character- 
istics.'* Wliat trends are appearing in these three aspects of 
the next period? 

Process + Content + ? - 70's Science Education 

The 60's introduced programs emphasizing process 
and concepts. The 70's have introduced some additional 
elements. Some science educators observed that often the 
new science projects avoid direct relationships between 
man's life and conditions and the processes and concepts 
of scientific investigations. Tlie influential and prestigious 
National Science Teachers Association also recognized this 
lack and revised its first position statement on curriculum 
development in science (1%2), because as their 
introduction says: 

In view of the many changes that have occurred m 
the past decade and in recognition of the belief tliat 
curriculum development should be a continuing 
process, the NSTA Committee on Curriculum 
Studies, K-12 has reexamined the 1963 views on the 
science curriculum and produced the revised position 
comprising this document. (8) 
Among the additional goals of science education as 
seen by the NSTA are: 

''The scientifically literate person 

uses science concepts, process skills, and values 
in making everyday decisions as he interacts 
with other people and his environment 
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nwgpnzcs the limitations as weU as the 
usefulness of seienee anii technology* in 
aiivancing human welfare 
unilerstands the interrelationships between 
science technology, and other facets t^f society, 
ipu haling social ami economic development 
recognizes the human origin of science, . . . 



has adopted values similar to those that underlie 

science " (8] 

The Nf;TA continues tfiat **scicnce, because it is a 
human ufuiertakifig, cannot be value-free, hmphases on 
values and tm the social aspects of science and technology 
must be integral parts of any curriculum, *' They see tlie 
major educational challenge of the next decade as a 
deveK)ptnent of learning environments that prepare people 
to cope with a rapidly cfianging society. To do this, 
students will need to be alerted to these social aspects of 
science 

"perception of the cultural conditions witfiin whicfi 
science thrives 

ivcognition of the need to view tfie scientific 
enterprise within broad perspectives of culture, 
society, and history 

expectation that social and economic innovations 
may be necessary to improve man*s condition 
appreciation of the universality of scientific endeav- 
ors.'' |f>l 

The trends for Science Hducation for the 70's that can be 
gleaned from the above statements are: 

1. Different Goals: greater emphasis upon science as 
human endeavor, society-oriented with value clarifi- 
cation skills. 

2. Subject Matter: more relevance to children's lives and 
socieiy*s problems and broader integration of science 
with other curricular areas. 

.V Instructional Modes: wider use of nu)re flexible 
teaching techniques and individualization of instruc- 
tion. 

What are ifie implications of these trends for you as an 
elementary school teacher i)f science? 

A More Humanistic Society-Oriented Approach to Teach- 
ing 

Science education should capitalize upon societal 
issues and problems as the focus for its processes and 
content. The child can he helped to see thai current 
controversies are interesting, relevant, and open-ended. 
Issues and problems by their very nature are unresolved. 
These unresolved issues may provide the relevance whicfi 
invites real learner involvement: this is especially true for 
mans of our "brighter'* students or those we lanel 
*VulturalK deprived.'* 

\\)u will tind the selection of issues relevant and 
contri>versiaI to the student is not difficult. Any alert, 
listcninj: elemeniar\ teacher "tuned ^n" to the cfiild's 
comnuinity can readily list many issues that liave real 
meaning to her class. Search through such issues tor broad 
appeal and importance to determine those witfi current 
social concern. Handling controversial topics is difficult, 
but we teachers must deal with tlieiii if we are to lielp 
develop "scienlificalK literate citizens.** Consider these 
criteria wlien selecting issues for your science program: 

1 . Social lolevance and controversial overtones. 

2. Relevance to the student of the designated level or 
poieiilial for such iclevance. 



.V Lasting, recurring relevance. 

4. Pertinence tu several disciplines. 

5. Potential for direct student experience. (IJ 
Community media (especially TV) expose children to 

issues, problems and insights we used to think were too 
advanced for them to understand. Children's exposure to 
the following events and issues stir excitement, fear, 
bafflemeni, and anger around which the society 'Oriented 
science program might be built: adequate testing of the 
"Pill/' cyclamates, etc.; racial conflicts; environmental 
waste, pollution, energy crises, etc.; overpopulation; drug, 
alcohol, tobacco and chemical control of man's mind; use 
of insecticides; space missions; heart transplants; poverty; 
war; disease; starvation. 

Activities and projects can make science education 
relevant to human concerns and needs. It may take the 
simple form of caring for a classroom pet or aquarium, 
observing and comparing similarities in their environment, 
in water pollution and hcaltli, in food and growtli, in 
overcrowding, life, and death. '*Such activities create 
group pride and an appreciation of the relationship of life 
and growth to individual and group responsibility." jl.^] 
With your guidance, your children can be helped to 
broaden into r/M'//* communities and its environmental and 
social problems. 

One unique way children can be exposed to realistic 
views of their own communities and its social problems, is 
outlined in a new unit, "Kids, Cameras and Commu- 
nities,'* [2\ being developed by liducaiional Development 
Center (the HSS group) in Newton, Massachusetts. 
Children learn to insert film and take pictures with 
inexpensive *instamatic-type" cameras. Tlie unit contains 
specially designed dark bags which serve as portable 
darkrooms. Using these bags, cliildren learn to prepare 
developing and printing .solutions for developing film and 
making prints. The pictures received tel! much about the 
community: garbage overflowing uncovered cans, 
"junkies" pushing dope on street corners, derelicts 
sleeping in doorways, rats scurrying across backyards, kids 
playing ball in the traffic congested streets. 

A New York City program, "City Design and Urban 
Change," [3] shows also what can be done (even in 
inner-city areas) ti^ tie together science and society 
through the study of pollutii i. Tliis program wms 
designed to awaken children to the importance of 
ecological problems in city planning. Pollution problems 
highlighted the interrelationships between man and liis 
environment, which has special significance in studying 
urban ecology. Children were exposed to such ecological 
concepts as grouping systems, populations, food chains, 
and fiK)d webs, ciunmunities and ec ^systems, interaction 
and interdependence. These concepts were related to 
needs cfiildren observed in Iu)using, recreation, transpor- 
tation, and other services needed for satisfactory living in 
their urban environment. 

A fourth grade class doing a similar study identified 
tfiese health problems in their ct)mniunity: littered streets, 
garbage collection, air pollution from incinerators, 
number of people who had not been vaccinated. The 
children (with the teacher's help) arrived at the conclusion 
that these conditions could be improved, if the 
community was alerted to tfie problems. Suggestions were 
made by children for circulating a petition to form a 
community council to see the governor. All of the 
discussion lead to a study of appropriate agencies and 
units of govenuiient necessary for converting science 
undertakings into constructive social action. 
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Uclle Sharct1(in of tinniktyn Coltcgo nrcscms iIUh 
oKamute to illustrate that the demand tur /)o/ir/itt/ literacy 

m uddtJion miWific literacy In a lechnulogicul s^oclety 
calls tor a tiew alliance hetwec!! science and social science: 
''One student teacher in a so*called slow fifth 
grade class iw a ghetto area asked children to listen to 
a phonograph reci)rd dealing with crowding in the 
/xH), Visiting this class, I observed that the rhythm 
caught the initial interest of the children who then 
began lo listeti and comment. The children were 
surprisingly itisightful and verbal in relating the 
prtiblems steitmiing i)vercrowdhig in the /oo to 
those o\' population density in their own neighbor* 
hood. They suggested that increase of crime, lack of 
sanitatiiHK ttuidequate housing, atid poor health 
services might be the end results of high population 
density, aitd then listed ways to investigate how 
coinnumitv actiuti might alleviate some of these 
problems;'^ |l4j 

Although there arc many tilings that teachers can do 
in this arc;K it is unlikely that all science teachers possess 
nil the competencies necessary to deal adequately with a// 
these social issues or with others dealing with 
interrelatii)nships of science, technology, and mankind. 
Much help from administrators, college and community 
personneL and professional organizations will have to be 
supplied. Perhaps new issues-oriented science programs or 
modification of existing ones will be written by the 
leam-wrltiitg approach used in creating the current 
programs. "Any curriculum that would assist young 
people in an examination of their basic assumptions about 
society and its improvement must deal with values and 
social' policies. Yet attention to values and social policies 
is now almost totally foreign to public schools.'* (7) 

Science Education and Value Clarification 

Public schools generally have avoided inclusion of 
value clarincaiion skill development in their curricula* 
especially in science education. One reason is that 
Americans pride themselves on being individualistic and 
coming to one's own conclusions. (Provided of course the 
conclusions are fairly conventional). Perhaps there is fear 
we will ie;ich spvcifk- values. Put another way» there may 
be ctincorn that teachers will indoctrinate children with 
their own values. 

Wliaiever the arguments, values issues must be part of 
ihe teaching of Science. It has not been di)ne and it is no 
surprise that young people (in college^ high school, and 
even junior high school) are particularly critical of 
established educational practice. A connni)n charge is that 
education lacks relevance and does not address itself to 
real b;isic societal issues and controversies. Youth are not 
the only ones asking for the inclusion of issues and values 
in our schools. A Joint Commission of the Association of 
Clas.sroom Teachers of the National Hducation Associa- 

jnd the American Association for School Adminis- 
trators recommended that education break out the 
classroom walls and '^project students into direct 
involvoniein in community activities.'' The Connnission 
further urges that schools can provide "definite 
cducatioiKil experiences which teach young people to 
develop viable value systems and standards for personal 
behavior/' Robert J. Havighurst^ a member of the 
University of Chicago education staff since l^>4h put it 
this wa> : ''The two basic processes of education nre 
knowing and ru/m/w'* 

IIkmc are inany ways of dealing with values and 



controversial issues in science witluna indoctrinating 
»udents with cither our own values -or equally 
bad imquestioninguity Inculcating soclety^s values. One 
excellent way has been advocated by Louis Raths« Merrill 
Harmin, and Sidney B. Simon in their book* Values and 
TeachOig. 1 1 1 ) They suggest that atty science subject 
niatter can be exaitiined on three levels: factual, 
conceptual, and vaiuationah 

Foct Uwi 

1 . What is the earth's diameter? 

2. At what temperature 0!i a Fahrenheit scale will water 
boil? 

3. Natue the stages of development of the butterfly 
larva. 

The above are examples ol* questions composed of 
tacts and specitlcs* Most of their answers are diftlcult to 
remember, are rarely interesting to students, and are of 
little use in attempting to enlighten the students. Their 
encyclopedic nature renders them practically useless in 
transferring to other areas of learning. 

Concept or Generalization Level 

1 , What causes the movements of air currents? 

2, Apply the principle of Newton's action*reaction 
theory to a swimmer diving into a ix)ol, 

3, How are Igneous, sedimentary, and metamorphic 
rocks formed? 

Concept or generalization questions are considered to 
be strong and indicative of good teaching. They serve as a 
means of coalescing facts and specifics into a unified 
whole. Most teaching is constructed around a set of the 
most significant concepts related to the topic under 
consideration. An inherent weakness of concept type 
questions occurs when one assumes verbalization implies 
understanding. The strengths of coticept or generalization 
questions tar outweigh any weaknesses, but in this writer's 
view they are still limited* 

Values Level 

I will not attempt to entirely dismiss teaching at the 
fact and concept level. What is needed is a newer 
perspective on both. Regardless of how skillful leaching is 
conducted at the fact and concept level, science 
instruction will usually be limited to mere information 
giving. Science educators need to penetrate into the third 
level, that of teaching for value clarification* For example, 
you could ask: 

1. What kind of person do you suppose would make a 
good scientist? 

2, Have you ever wanted to invent something that 
would benefit mankind in some way? 

The values level attempts to lead the student to a 
greater awareness of applying his knowledge to his own 
thoughts and feelings. Causal relationships suggest 
why centered questions. Value-clarifying questions are of 
the you centered type! They help the student to see how 
his life is related to the subject matter being studied. 1 1 5 j 

Have you ever wanted to try an experiment but 
decided not to because you thouglit it might make you 
look silly? Can you think of any inventors who people 
thought had strange* unworkable ideas, ;it least at first? 

1. If you were in conu^lete cluirgc of how our atomic 
resources were used* how would ym use them? 

2. What are some of the tilings we need \n assume for 
your experiment to work out that way? 

3. What are some of the good things that resulted from 



the development of . . .(add almost any invention or 
dlsciivery)? 

4« What arc some of alternate ways you can cliooa^ 

to gather data? Which of these do you use? 
5. When do you think a person can' predict the results 

of an experiment with reasonable accuracy? 
0. Can ymi think of' any way a ivrson migllt be able to 

tell the difTerence between scientific evidence and 

mere hearsay or guesswork? 

(*an you give me some examples of scientitlc beliefs 

that people are in disagreement over today? 
8. Try to tliink of any animals that have certain 

territories that they cU)sely guard. Do you have any 

such territories? 
0. Do you think enough emphasis is being placed upon 

tlie prevention of air pollution? Have you ever done 

anything about it? 

10. How do you feel about using laboratory animals in 
such a way that might be unnecessarily cruel and 
injurious to them? Is this a personal preference or do 
you think that most people should feel the same 
way? 

1 1 . Have you ever done anything in your science classes 
that made you teel particularly satisfied or pleased? 

12. If you could choose what to study in your science 
classes^ what would be your first three choices? 

13. Hi»w do you feel when the weatherman forecasts a 
sunny day and it rains? How do you think the 
weatherman feels? 

14. Can you think of anything in history that people 
once believed in but have clianged their minds about? 
Often the teacher's dialogue with students consists of 

inculcating, indoctrinating, or moralizing. Utilization of 
value clarifying questions helps the student rely upon his 
own abilities to consider questions, 

TryIt--You1l Like It! 

There isn't any magic formula for mnv-ug children's 
thinking from Levels I and 11 to Level HI. The values level 
requires the facts and concepts levels, but also demands 
more information, insights, guided TV watching, magazine 
reading, personal experiences, art, literature, observation 
of human behavior, field trips. Try to structure your 
questions tor Level HI on a you format that involves the 
child where he lives. These questions aim at the student's 
values and life. Tliey ask him to take a stand and often to 
do something. Tliis is real relevance and not just 
intellectual gymnastics. 

Remember: A teacher may start a values level study 
with any science topic. SI lay begin with content and 
build toward values issuer, or motivate subject matter 
study by opening with a value-oriented investigation. 
Different teachers are excited by different issues. Feel free 
to raise your own issues but note the suggestions and 
cautions: 

1» Never insist upon one "right" answer tor the issues 
level. Tliis would defeat the purposes of encouraging 
students to search for their own values. 

2, After students become familiar and comfortable 
dealing with you questions in confronting values 
issues, encourage them to start raising their own 
values issues. 

3, The teacher should always declare where she stands 
on most values issues. Caution: try to do it in a quiet, 
dignified way, which does not require that students 
adopt your beliefs. Postpone telling the class until 
students have a chance to investigate on their own. 



4. The teacher must have values of her own and state 

them -but with quiet dignity. 

An outgrowth of a values Issues approach to science 
usually is an action project. Look back over Levels 1, H, 
HI and speculate upon the acUon projects that would cap 
off the respective studies. Acting responsibly upon one's 
values is one of the highest forms of citizenship, Archibald 
McLeish put it this way: **The man who knows with his 
mind only, who will not commit himself beyond his wits, 
who will not feel the thing he thinks-that man has no 
freedom anywhere." 

Integrating Science with Other Areas 

If science is to be taught with a more humanistic, 
society-oriented, values clarifying approach, it will have to 
be integrated more with other areas of the elementary 
school curriculum. This is difficult because we teachers 
bring these *1iang-ups" to the topic: 

1 . Subjects are what teachers know how to teach. 

2. Teachers tend to teach as they were taught. When 
today's teachers were school children, it was usually 
obvious to them that courses in various subjects were 
intended, above all, to teach those subjects, 

3. Today also, teachers and pupils both know that they 
will in practice be judged largely on the bases of 
subject-matter accomplishments. Pupils and classes 
are rated not by their ability to think or create, but 
by their accumulation of knowledge. [12j 

How then can the separate subject approach be 
altered in elementary school science? One good way is to 
focus on the asking of questions which leads to the 
probing of relationships between •'subjects," which in 
turn, ''permits the development of a synoptic and 
frequently original view of knowledge instead of the 
traditional segmented view,'* [10] Teachers Bind students 
ask questions of interest to them. Let children start with 
questions in biology, such as ''What conditions are needed 
for maintaining life in plants?" Before long, they will start 
asking questions in physics, chemistry, anthropology. 
Students will spend a great deal of time finding answers in 
many "subjects" for their questions, especially if not 
prodded to get back on the subject. Information is 
gathered from books, newspapers, people, the streets and 
neighborhood, TV, labs. A key element in preventing the 
question-asking, answer-finding, multi-subject approach 
from becoming a sterile and ritualizing activity, is to deal 
with issues and problems perceived by the learner as 
realistic and useful. 

Marjorie Gardner [4] sees these trends in the 
interdisciplinary approaches to science teaching: 

1. From discipline-based science to interdisciplinary 
science to fully integrated science. 

2. From structured courses organized in scope and 
sequence fashion to interchangeable modules with 
multiple options and high degrees of fiexibility and 
adaptivity to local, regional, or national situations. 

3. From teacher preparation in specific disciplines to 
broadening teacher perspectives and teaching compe- 
tencies through interdisciplinary science. 

Need for More Flexible Teaching 

Teachers will find their creativity and resourcefulness 
pushed to their limits to provide more fiexibility in their 
science programs. More emphasis will obviously be placed 
on the individualization of instruction. Several of the 
funded science projects, especially HSS and SCIS, give 
much attention to materials and teaching learning 
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strategies that stress self-pacing and multi-level activities. 
Other new funded projects have been started to work on 
individuali/ing science education, Herbert Tliier, Assistant 
Director of SCIS has two such programs. One is called, 
Adapting Science Materials ♦or the Blind (ASMB)and the 
other is Individuali/ing Instruction, which is one of six 
interrelated research and development projects of the 
Advancement of Education in Science -Centered Pro- 
grams (AHSOP). 

There is an increasing storehouse of material being 
produced for individuali/ing science instruction for all 
students, especially the •^gifted" and •^culturally 
deprived." Additional concern for individualizing instruc- 
tion can be seen in the growing interest in **open 
education'' here and abroad. Even the design of school 
buildings reflects a movement to greater flexibility in our 
ways of structuring learning environments for children. 
Schools with moveable walls and large areas which hold 
groups of 100-200 children are becoming more common. 
Also the multi-media approach used in science education 
reflects the concern with expanding learning opportunities 
for all children. Team teaching recognizes the unique 
contribution of the teacher and is finding its way into 
more elementary schools. 
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Necessity may be the mother of invention, but 
creativity is the father. Without both, there will be no 
offspring. 

What uses can you think of for a bar magnet? **Pick 
up iron filings or paper clips or use it to build an electric 
motor." Anything else? **Else? That's what a magnet is 
used for." Sorry, friend, you display all the symptoms of 
a common ailment: rigid, overly constrained, and 
convergent thinking. A psychologist might conclude you 
suffer from functional fixation. 

**From what?" Look at it this way: if you weren't 
bound by your fixation, you would realize that a magnet 
could be used as a tack hammer, paperweight, ice crusher, 
or as a fastener to keep your shirt on. Or, try embedding 
them in gums to keep false teeth in place, making a 
magnetic-repulsion shock-preventing automobile bumper, 
magnetic shoes to climb steel buildings, or to help keep a 
railroad train properly on its tracks. Small magnets might 
be used as cuff links, and a multiitude of tinier ones 
would make ideal stay-in-place sand for a kindergarten's 
"magnetic sandbox." The magnetic sand would also be 
terrific for highway sanding operations during slippery 
weather. At the other extreme, a really huge magnet 
might be used as a dandy, no-fall ski slope. 

In elementary science, creative thinking requires 
divergence in thinking. The thinker needs to imagine 
unique ways of looking at common objects, of developing 
uncommon uses for them, and of changing or 
transforming those objects in new ways. Objects, and 
ideas about objects, are synthesized in original ways. 
Flexibility and originality in idea production are the 
essence of creative thought. 

Children are superbly qualified to generate ideas (the 
magnet uses described above were suggested by sixth 
graders). Unhampered by the adult's mental fixations and 
constraints Imposed by longer experience, young thinkers 
aren't concerned about finding immediate **best" or 
"most logical" solutions to a problem. They like solutions 
that appeal to their sense of esthetics or humor, or maybe 
just a solution that's "groovy." Children haven't had time 
to be brainwashed by the usual pat ways-things-^/ioez/J 
-be-done, nor are they concerned with the businessman's 
continuing battle with cost, time, and materials. And, 
because they have unspoiled and fiexible minds still 
fascinated with the wonders of simple things, they can be 
consummate creative inventors. 

Already impressed with the highly imaginative 
devices and schemes invented by children in incidental 
classroom instances, I decided to develop a specific 
teaching procedure aimed at stimulating intermediate level 
children to devise and build inventions as part of their 
science program. We called it an "Invitation to Creative 
Thinking'* and modeled it after a similarly named method 
which had been found useful in promoting creative 
(divergent productive) thinking by college students.^ 

"Invitations to Creative Thinking" are ordinarily 
developed in two stages. The first stage utilizes a 

^ McCormack» Alan J. *Thc Lffects of Selected Teaching 
Methods on Creative Thinking, Sclf-Kvaluation, and Achievement 
of Students Enrolled in an ['lementary Science Hducation Methods 
Course.** IvdD Thesis. University of Northern Colorado. 



teacher-designed sequence to focus attention and interest 
on an open«ended problem susceptible to unlimited 
creative solutions, Tlie materials or experiences involved 
might include pictures, slides, films, humorous stories, or 
dramatic demonstrations. These are carefully selected to 
pique interest, remove threat, and-most of all-stimulate 
divergent, creative thought. The second stage requires a 
responsive and supportive environment blending three 
essentials: opportunity, materials, and encouragement. 
After stage one centers on a problem and inspires the 
children to draw upon inherent creative abilities, stage 
two must allow plenty of time for incubation of ideas and 
ample materials (lots of junk) for channeling thoughts 
into tangible products. It's a good idea to remove as many 
constraints {unnecessary classroom rules) as possible, and 
give lots of praise (''Gee, Albert, your Automatic 
Teacher -Aggravating Machine is great!") 

Stage One: Focus and Stimulation 

Rube Goldberg is remembered by the older 
generation for his cartoons of bizarre "inventions" which 
poke fun at the expanding technology of the twentieth 
century machine age, Goldberg*s satires and ludicrous 
situations earned him vast popularity from 1916 to 1938 
in the comic strips "Boob McNutt," "Lala Palooza," and 
"Foolish Questions," His most famous character was 
Professor Lucifer Gorgonzola Butts, the genius who 
demonstrated the inventions which eventually made 
"Rube Goldberg" a dictionary definition. Inventions like 
the "Self-Emptying Ash Tray of the Future" (love birds 
on a pivoting perch cause water from a sprinkling can to 
shrink a shirt which opens a drape unveiling a picture of a 
dog's master, encouraging the dog to wag his tail in an ash 
tray, flicking ashes and butts into an asbestos bag attached 
to a sky rocket which blasts off into space), the 
"Anti-Floor Walking Paraphernalia," and a "Simple 
Orange Squeezing Machine" were devices employing a 
wacky series of common, everyday items to demonstrate 
convincingly that the simplest task was impossibly 
difficult. Each of the contraptions used many mechanical 
steps, replacing the laws of physics with flights of fancy 
whenever necessary. Most of the inventions were 
horrendously ingenious, and all guaranteed the comic-strip 
reader a good laugh, 

A collection of Goldberg cartoons is more than 
adequate as a motivating medium stimulating children to 
think about designing inventions, A series of slides 
depicting Rube Goldberg devices and a film showing a 
working model of a Goldberg-like contraption formed the 
first stage of an "Invitation to Creative Thinking" for 
children of grades five and six at the North Star 
Elementary SchooK North Vancouver, British Columbia, 
The Goldberg humor held great appeal for the children 
whose minds seemed almost to visibly incubate inventions 
of their own before the introductory lesson was halfway 
through, Goldberg's brand of fanciful thinking and 
inventing was exclaimed as "really neat" and "just what 
we always wanted to do!'' Focus and stimulation? No 
problem. Let Rube Goldberg do it for you. 

Stage Two: Opportunity, Materials and Encouragement 

Any child who wished to design and build his own 
invention was invited to take a creativity kit and try it 
(remember this is an invitation to be creative* not a 
command). The creativity kits (packages of junk) quickly 
were commandeered, and the contents spread out at 
convenient spots on the classroom floor, A supply of kits 



had been put together earlier by the teacher, simply by 
stuffing cardboard, rubber bands, string, wood, paper 
clips, and other odds and ends into large nianila envelopes* 
The children felt that these materials were good as a 
starting point, but didn't want to be limited only to the 
contents of the kits. All agreed anything could be added 
as long as it was legitimate junk which could be scrounged 
from somewhere without spending money for it. 

The great innovators went to work* For two weeks, 
all science class time (and a lot of time outside school 
hours) was spent in the frustrating but intriguing process 
of blending ideas with materials in search of the great 
invention. 

Admittedly, creativity cannot be taught, but children 
can learn to free themselves from mental blocks or 
constraints limiting the range of solutions to any problem* 
In conducting a creativity-inducing science activity, the 
teacher must make definite efforts to overcome these 
obstacles in his own thinking* Encouragement of 
divergence in the planning stages of a child's invention 
would be followed by stimulation and praise of oddball 
efforts in the invention's construction* (Keep in mind that 
the electric light bulb, "wireless," and flying machines 
were at first considered absurd and oddball,) Climbing 
over these mental blocks with children, and moving aside 
the usual anti-creative constraints ("It will never work; it's 
just not practical") can result in some amazing 
contraptions* 

Fun and Games or Genuine Science? 

The elementary science curriculum purist may feel 
the urge to raise certain questions regarding our Invention 
Workshops* What are the children learning? What specific 
concepts and skills are developed? Our answer: we 
maintain that children learn as much as they might from a 
more orthodox science activity and then some. Children 
still develop many of the same ideas about pulleys, gears, 
levers, etc, ordinarily included in a unit on "Simple 
Machines," But the ordinarily dull information concerning 
elementary mechanisms takes on full meaning when 
you're "figuring out" how to build an invention you are 
really excited about* And, if you are concerned about 
engaging children in the methods of science --the skills of 
observing, hypothesizing, measuring, predicting, and 
inferring-there's no need for worry* All of these are 
combined, and with this important "plus"~children are 
intimately involved as creative thinkers* 

Granted, creativity as such cannot be taught; the 
matter is far too elusive and uniquely individual for tliat. 
However, it can be fun "thinking up" lots of ideas, 
playing with the oddball notion, and working hard 
grasping for a novel intuitive flash. The main goal, we feel, 
is that both teachers and pupils become sensitized to the 
existence, value, and sheer thrill of creative thought. Isn't 
that truly the essence of Science? 
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SESSION F-S 

SCIENCE IS NOT CONTENT! 
IF NOT, WHAT IS IT? 

THE SCIENTIFIC PROCESS-CONTENT, INQUIRY 
PROCESS, AND VALUES 

Jack L. Carter, Professor of Biology, Colorado 
College, Colorado Springs 

I hope we are not beating a dead horse by the very 
nature of this session. Wlien one says "Science Is Not 
Content! If Not. Wliat Is It?'' I get the old familiar 
feeling we should all give three cheers for inquiry and 
dismiss ourselves to the closest bar, well aware of the 
tact that all elementary, secondary, and college teachers 
teach science througli the inquiry process. 

This of course is not the truth* Those of us who 
spend considerable time in classrooms from kindergarten 
through college level see some teachers who understand 
the role of inquiry in science teaching and apply it in 
their teaching; but at the same time we observe many 
teachers who are devoting their entire science period to 
teaching the results or end products of the inquiry 
process. This is what I am assuming we are defining in 
this meeting as content. Tlie corollary to this latter 
situation would mean students are leaving these content* 
centered classrooms with little or no appreciation of the 
most important process ever designed and utilized by 
the human mind. Teachers who do not involve their 
students in the inquiry process are robbing their stu- 
dents of the one activity that holds the greatest single 
hope for the future of this troubled planet. 

At this point, and before I go one step further, let 
it be known to all within the sound of my voice that I 
strongly support the transmission of knowledge or 
content. The accumulation of new knowledge is what 
the inquiry process is all about. It would be even more 
hazardous if schools were to devote 12 years to 
elementary and secondary science education and the 
training of young minds and the students were to leave 
these schools with the impression that the inquiry 
process was nothing more than the way we have fun in 
science classrooms and laboratories. Tlie relationship 
between the inquiry process and content must become a 
reality fi>r every person. 

The results of this inquiry process, call it know- 
ledge or ctmtent. are having a tremendous impact on the 
matter and energy of this planet and now our know- 
ledge is reaching far into space. The geometric increase 
in mir knowledge bank is touching every piece of living 
protoplasm each day that it continues to live. Increased 
knowledge reaches into our sperm and egg cells before 
the fetus is even formed. This same new knowledge, 
resultinu from the process called inquiry, touches every 
moment of our lives. The content of science is with us 
unto death. It is today Jetermining how, when, where, 
and in the f(^reseeable future if. we will die. 

But there is still another aspect of the scientific 
process that goes beyond content and the problem 
solving skills necessary to conduct investigations. There 



is an environment in which the best of scientific 
experimentation can go on, a setting that is conducive 
to the inquiry process* We might describe it as an 
environment in which the values of science or the 
affective beliaviors of science predominate, When this 
environment and these values are present society can 
respect scientists and the new information they produce, 

Basic to this setting for science are such ancient 
values as honesty and openness* The Importance of 
sharing ideas and information must remain central 
themes of science. Trusting your colleagues and openly 
dissenting must continue to be treasured values of 
science, Respecting the freedom to search for new 
knowledge and to ask meaningful questions about any 
subject must be understood as basic obligations of 
science to society. The search for new knowledge 
demands that the atmosphere be one in which risk- 
taking and cooperation are encouraged. If these are the 
values or affective behaviors conducive to science, it is 
now possible to identify those values that are antiscien* 
tific, or those values that keep science from achieving its 
greatest potential? 

Scientific experimentation cannot operate well 
throu^ closure, in an environment of secrecy. With- 
holding data and telling half-truths limits the value of 
science to society. Competition in science may lead to 
short*term personal or financial gains, but in the long 
run all of society loses. Ownership of ideas and 
information invariably leads to dishonesty and loss of 
objectivity. The development and use of insecticides and 
herbicides for personal and corporate gains provides 
examples of where bad behaviors by scientists can lead a 
nation. The secrecy and closure within the oil refining 
and the automobile industries are two more recent 
examples of antiscientific technology at its very worst. 

In describing what I consider to be antiscientific 
behaviors I am not saying that the history of science is 
free of those individuals who shrouded their work in 
secrecy and used dishonest tactics in order to be elected 
to the Royal Academy or receive the Nobel Prize. One 
only needs to read Robert K. Merton's convincing paper 
entitled **Behavior Patterns of Scientists" published in 
the American Scientist in 1969 or James Watson's The 
Double Helix to see the depths to which men of science 
will sink to achieve priority over others. But I would 
suggest that the dishonest, "Win at any cost/' competi- 
tive science which characterized the attitude of James 
Watson or tliat prevail in many science departments of 
major universities that tell young professors to "publish 
or perish" and describe the interest of industry in 
scientific research are not representative of the scientific 
community I can or will support in my teaching of 
science. If there is one important lesson our trips into 
space and the energy shortages have brought to the 
attention of large segments of the world's population it 
is the concept of limits, limited resources and limited 
energy. We are being forced to cooperate rather than 
compete and 1 contend these two terms have opposite 
meanings, in spite of the way I see them misused by 
politicians, industrialists and. educators. 

I as a teacher of science and teacher of teachers 
have a paradigm or model which I will call the scientific 
pri)cess. This process is composed of three parts, the 
content or knowledge of science, inquiry process or 
skills and cognitive behaviors of science, and finally but 
of vital importance the values or affective behaviors of 
science. It is my responsibility to convey this scientific 
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process througli what I teach and the methods I use to 
teach. 

Respect tor knowledge must be emphasized in my 
classes. World population, hunger, and nutritional pro- 
blems must be dealt with in light of our present 
knowledge and the need for new information, Environ- 
mental issues, human sexuality, and drugs must be 
discussed in liglu of what is presently known and nut 
known. 

Involving students in the incjuiry process can 
strengthen their trust in the content and knowledge 
found in their textbooks. As students participate in 
designing investigations, measuring, gathering data, inter- 
preting data, and drawing conclusions from their ex- 
periences tliey can draw strength for their own lives. 
There is no greater lesson to be learned by students of 
any age than that they do have some control over their 
own destiny, if they will but learn to solve problems 
and make use of the information which is available to 
them. 

And finally I must conduct my classroom in such a 
way that the values of science or affective behaviors of 
science I hope to exempl.7 are rewarded, and antiscien- 
tific behaviors are pun'shed. Tihpring id?as and informa- 
tion with your neighbor must improve your grade and 
secrecy or withholding information must lower your 
grade. Honest and open questioning and dissenting must 
be encouraged while closure is discouraged. The class- 
room and laboratory activities should be designed so 
that cooperation is identified with success, and competi- 
tion results in failure. I do believe I have been able to 
do this in my teaching. 

In a short period of time I have tried to describe 
the scientific process as I interpret it for my students 
and future teachers. If my paradigm or model is of value 
to me in teaching science methods courses, introductory 
botany courses, and advanced courses in botany it must 
also be useful to me outside the halls of ivy and in 
society at large. I have found this model useful not only 
in teaching but in dealing with my family and some 
parts of the community in which I live. As you might 
expect I have found the military community, some 
portions of the business world, and competitive athletics 
at odds with my views. But since I am only one teacher 
in a small liberal arts college I offer little threat to 
these entrepreneurs of another set of behaviors and 
lifestyle. 



SESSION F-6 

DIRECTIONS FOR SCIENCE TEACHER 
OBSERVATION RATING FORM (STORE) 

Lynn Oberlin, Associate Professor of Science 
Education, University of Florida, Gainesville 

This form was developed as an instrument to help 
observe teachers working with children in the area of 
science. Value judgements are not made as to good and 
bad practices but practices are looked at as being 
different. On the left hand side of the instrument is 
Behavior A and on the riglit hand side is Behavior B. 
Behavior A is experimental and Behavior B is traditional. 
No teacher fits entirely within Behavior A or entirely 
within Behavior B. Tlie general behavior pattern is 
determined by the number of items checked under 



Behavior A compared with the number of items checked 
under Behavior B. 

Tiiis instrument is used in teacher education to help 
prospective teachers look at different kinds of teacher 
behavior. In looking at different kinds of teacher 
behavior, the future teacher may begin to identify with 
a certain kind, He may tind the kind of person he 
would like to be, At this stage, he can see in one 
column the things he would do much of the time and in 
the other column the things he would do much less 
frequently. 

Room Observation 

Tlie room observation is made when the room is 
first entered. Some of the items are starred. A starred 
item is one that must be marked and it must be marked 
in only one column. For example, item Number 1, 
Behavior A, says "the room has a science corner or 
table," Under Behavior B it says **the room has no 
science corner or table." One or the other has to be 
true. Put a check in the total column in either Behavior 
A or Behavior B. One column must be marked but not 
both. 



BEHAVIOR A 

Item I 

*l. Room has a science 
corner or table. 



•I. 



BEHAVIOR B 

Room has no science 
corner or table. 



What is being asked is whether there is a place in the 
room where science things and materials are kept; and 
where children can work on science. It miglit be a corner 
or table; or it might be a shelf, counter, or other location. 



Item 2 

*2. Student-made or 
brought-in material is 
in evidence. 



There is little or no 
student-made or 
brought-in material. 



This item refers to all kinds of materials. Tliey do not 
have to be related to science. These materials must be 
evident from just looking around the room. If 0, 1, or 2 
items are seen, it is interpreted as "little or no material'* 
and recorded as Behavior B. If 3 or more items are seen it 
is recorded as Behavior A. 



Items 

3. Original art work of pu- 
pils displayed. 



3. "Pattern" art work in 
evidence. 



Tlie third item is not starred. It may be ehecked in 
either column, both columns, or not checked at all. 
Original art work means things that children have drawn 
or created themselves. Pattern art work includes traced 
material, cut out patterns, and pictures already drawn 
wliich students color. Art work does not have to be 
related to science. 

The entire Room Observation section is omitted 
when the teacher being observed is in someone else's room 
over which she has no control. 

Teacher-Student Observation 

Items 4 througli 21 are timed. After the room 
observation is completed, observe what happens in the 
room for five minutes At the end of five minutes stop 
observing and spend two minutes recording what has been 
seen in column 1 , items 4 througli 2 1 . Observe for another 
five minutes. After which, stop observing for two minutes 
and record the observations in column 2. Observe ior 
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*5. All students proceed 
at same rate. 



atunher tlve ininuics and then record these observations in 
column 3. 

The starred items on Teuchcr'Student Obs^jrvation 
are mimbered 4, 5, 6, 7, and 8. liach of those items must 
be checked ti)r each observation in either Behavior A or 
Behavior B; ime or the other but nut both. Items which 
are luM starred may be checked in either column* both 
columns, or not checked at alL 

item 4 

*4. Teachei brings other *4. Teacher does not bring 
subject matter into other subject matter 

lesson ( mathematics, areas into lesson, 

social studies, lan- 
guage arts«etc.) 

Behavior A must be demonstrated by content matter 
from some area such as mathematics, social science, or 
language arts being included as a part of the lesson. It 
must be there for instructional purposes and not just used 
for punishment or class contri)!. Behavior B is an absence 
of Behavior A. 

Item 5 

*5. Students can work at 
their own pace. 

If the majority of students can work at their own 
pace it is Behavior A, if not, it is Behavior B, 

Item 6 

*6. Students share their 
experiences. 

Behavior A means that students are sharing 
experiences with each other and not just answering 
teacher initiated questions. The opportunity must exist 
for a majority of the class to participate, although it is not 
necessary for them to do so during the observation period. 
Anything less than what is mentioned above is considered 
Behavior B. 

Item 7 

*7. Students are active Students listen only, 

participants. 

This item refers to the majority of the class. 
Item S 

*8, Students have a ♦S, Students have no 
chance to follow their chance to follow their 

own interests. own interests. 

Score this item as to whether the majority of the 
class has a chance to follow their own interests. 

Items 9-2/ 

Tliese items are not starred. For each observation 
period, both Behavior A and Behavior B may be checked, 
either may be checked, or neither may be checked. If any 
evidence of a described behavior is observed, it should be 
checked. 

Item 9 

9. Teacher engages in stu- 
dent activities. 



*6. No sharing of exper- 
iences evident. 



9. Teacher refrains from 
involvement in student 
activities. 



If the teacher engages in a student activity. Behavior 
A is checked. Behavior B is checked when there is a 
student activity in which the teacher does not become 
inw>lved. 



Item 10 

10. Teacher has Individ- 10. Teacher has ail stu« 
uals doing difterent dents doing same as- 
work, signment. 

If the teacher has several individuals doing different 
work, Behavior A is checked. When most students are 
working on the same assignment Behavior B Is checked. 
Both behaviors may be checked during the same 
five-minute period. 

hem 11 

1 1 . Teacher asks open 1 1 . Teacher asks closed 
questions. questions. 

Open questions refer to questions which do not have 
just one correct answer, Tliese are also called divergent 
type questions. Closed questions are questions which have 
just one correct answer. These are also called convergent 
type questions. 

Item 12 

12. Teacher asks ques- 12. Teacher asks ques- 
tions not directly an- tions whjch can be 
swerable from text- easily answered if stu- 
book. dent has studied the 

lesson. 

Tliis item has to be answered from evidence which is 
seen during the five-minute observation period. If the 
teacher asks a question and the student reads a statement 
directly from the textbook in answer to that question, 
obviously this is Behavior B. Behavior B also includes 
questions answered by facts which appear to have been 
learned by textbook reading. If the type of question the 
teacher asks cannot be answered with just textbook 
knowledge, it is Behavior A. 

Item 13 

13. Teacher questions 
misconceptions. 



13. Teacher permits for- 
mation of misconcep- 
tions. 

This cannot be observed unless some misconception 
comes about and is identified by the observer. Then, if the 
teacher questions the misconception in any way this is 
Behavior A. When the teacher permits the misconception 
to stand and lets the youngsters believe the information to 
be true, this is Behavior B. 



Item 14 

14. Teacher encourages 
guessing or hypothe- 
sizing. 



14. Teacher expects stu- 
dents to know and not 
guess. 

When the teacher encourages the student to try to 
answer a question by guessing or by trying to figure out 
the answer, this is Behavior A. Behavior B is exhibited 
when the teacher expects only the riglit answer to the 
question to be given and expects the student not to give 
an answer unless he is sure that it is correct. 



Item 15 

15. Teacher refrains from 
judging student's be- 
havior or work. 



15. Teacher passes judg- 
ment on student's be- 
havior or work. 



Judging a student*s behavior or work refers to a 
teacher telling a student that his work is good, poor, he is 
a very good student, he is misbehaving, or has been very 
bad that day. A statement similar to these is evidence that 
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a teacher is passing judgment on a student's work or 
behavior. 



Item 16 

16. Students read material 
from d ifl'erent 
sources. 



16. Students are assigned 
to read from same 
book. 



If students are seen to be reading from different 
Simrces during the tlve-minute observation time, this is 
Behavior A. If any time during the five-minute time 
students are assigned to read the same materials this is 
Behavior B. For Behavior B it is not necessary for the 
entire class to be assigned to read the same material but 
only for a majority of the students to be assigned the 
same material. 



Item 1 7 

17. Students' questions 
answered by other 
students. 



17. Students' questions 
answered by teacher. 



Tliis is a matter of looking at each question asked, by 
a student, to see wiio is answering it. Both Behavior A and 
Behavior B are often exhibited within the same five- 
minute periinl. 

Item 18 

18. Students conduct ex- 18. Teacher or student 

periments individually demonstrations for en- 

or in groups. tire class to watch. 

Wlien students take an active part in an experiment, 
either individually or as a part of a group, it is Behavior A. 
If students are watching a teacher or another student do a 
demonstration, it is Behavior B. 

Item 19 

P^. Students design their 19. Students perform text- 
own experiments, book experiments. 

Behavior A is evidenced by the students designing 
their own experiments. Behavior B means that students 
perform experiments furnished to them in a textbook or 
some other source. 



20. Teacher determines 
direction of lesson. 



Item 20 

20. Students' questions 
shape the direction 
the lesson takes. 

What seems to determine the direction in which the 
lesson proceeds? If Behavior A is evident, students' 
questions have some effect on the direction that the 
lesson takes. As Behavior B is evident, student questions 
have no effect on the direction that the lesson takes and it 
continues onward in a predetermined direction. Both 
Behavior A and Behavior B may be evidenced within the 
same five-minute period. 

Item 2 1 

21. Teacher's nonverbal 21. Teacher's nonverbal 
cues provide positive cues provide negative 
reint'orcement for stu- reinforcement for stu- 
dents, dents. 

Nonverbal cues include everything except the spoken 
word, A smile, a pat ofi the back, a pleasing gesture, a 
frown, or a clenched fist are examples of nonverbal cues. 

Scoring the STORF 

Tlie Science Teacher Observation Rating I'orm 
(STORF) is scored in the following way. Behaviors 



observed in the three observations are totaled in the right 
hand column for Behavior A and in the left hand column 
for Behavior B. As **Room Observation** takes place only 
once, each check scores as one. All 21 items are totaled 
and the amount recorded in the appropriate place at the 
bottom of the page. Tlie score is obtained by adding 100 
to the Behavior A column and then subtracting the 
Behavior B column from it. Score =5 100 + A • B. Scores 
above 100 tend to indicate experimental behavior (A) and 
scores below 100 tend to indicate traditional behavior (B). 

SESSION G*2 

AN INTEGRATED APPROACH: THE YOUTH CON- 
SERVATION CORPS 

Howard Jennings, Director, Youth Conservation 
Corps Camp, Delaware Water Gap National Recrea- 
tion Area, Keystone Junior College, La Plume, 
Pennsylvania 

The Youth Conservation Corps is a program de- 
signed to fill four vital needs: (a) conservation work that 
is vitally needed to improve the quality of our public 
lands and waters; (b) gainful summer employment for 
the nation's youth; (c) the opportunity to interact with 
a social economic mix; and (d) the buildup of a reserve 
of environmentally aware young citizens, knowledgeable 
of their country's irreplaceable heritage of natural and 
historic resources, and their place in the ecological cycle. 

The nature of the YCC Camp is such that the 
enrollees can sense the excitement of the Nation's 
newest National Recreation Area developing - The 
Delaware Water Gap National Recreation Area. 

The YCC experiences at PEEC in 1973 centered 
around work projects, environmental education, and 
simply living together. A light show developed by the 
enrollees best illustrates the YCC'ers experiences during 
summer 73. 

As Secretary of the Interior, Rogers Morton said in 
reference to the YCC program "It was a time of 
self-realization as they accepted responsible roles in 
shaping the entironmental destiny of this great nation, 
and we are proud of this accomplishment." 

SESSION G-3 

BILINGUAL SCIENCE EDUCATION-^ 
PROJECT BEST 

SCIENCE ASSESSMENT IN SPANISH 

Mary Graeber, Visiting Professor of Education, 
Hunter College, City University of New York, New 
York City and Liza Martinez de Gomez, Bilingual 
Researcher, Bihngual Education Applied Research 
Unit, Brooklyn, New York City 

During the 1^)72-73 session, the New York State 
Legislature authorized funds for the development of 
components of a statewide system of program evaluation. 
One of the most critical priorities was in the area of the 
measurement of the results of bilingual programs, where a 
broad choice of tests and measurements is not yet 
available. In addition to other bilingual projects measuring 
pupil acquisition of linguistic skills, the State liducation 
Department has arranged with the Bilingual Education 
Applied Research Unit of Hunter College, New York City, 
to develop science test questions and answers for grades 
1-3 in Spanish. These test items will be cross-referenced 
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to related units in the New York State and City courses of 
study in early elementary science. 

The Science Assessment in Spanish project involves a 
survey of teacher-made tests and the writing of new test 
items at different difficulty levels, as well as trial testing 
and review. To date the Bilingual Education Applied 
Research Unit has done the following: 

Eighteen bilingual projects identified as having 
components of science instruction in Spanish have been 
contacted » informed of the project and their cooperation 
has been requested. 

A needs assessment questionnaire was developed and 
sent to 150 teachers in the eighteen bilingual programs. 
Teachers were requested to forward any science test items 
which they had developed to this project. 

The science consultants who have and will be 
working with the project are, Mary Graeber and Carmen 
Sanguinetti, Head, Curriculum Unit, Bilingual Office, 
Board of Education, N.Y.C. 
Procedure 

In order to ensure that the assessment instruments to 
be developed in Spanish were related to the curriculum 
being taught, the New York State and New York City 
Curriculum Guides were read and their "basic under- 
standings" and curriculum objectives were abstracted and 
listed, as were those of: 

1. the Cognitively ' Oriented Program in Elementary 
Science (COPES) developed by New York University. 

2. the American Association for the Advancement of 
Science (AAAS), 

3. Project ECOS developed by Northern Westchester 
and Putnam County BOCES #1, 

4. Science Curriculum Improvement Study (SCIS) 
funded by the National Science Foundation, 

5. two commercial science kit and text series. 

These basic concepts and science skills were cate- 
gorized by grade and further divided into units accord- 
ing to the category system appended. 

Sometimes an objective was listed in more than one 
unit for example, when a skill (Measurement) as well as 
content (Properties of Matter) were involved. These 
overlapping objectives are indicated by an asterisk and 
will be cross referenced. %o that if a teacher is teaching 
both units he will be alerted to the overlap. 

After this process of synthesizing basic concepts, 
skills, and objectives from the programs cited above, the 
objectives were organized within each unit, and many 
were rewritten with these objectives in mind: 

1. to list them in a logical sequence within the unit. 

2. to write them in behavioral and experiential terms. 
Tlie method of learning a skill was assumed to be 
as important as the knowledge gained. Therefore, 
the approach was that of students learning through 
their own observation, guided experimentation, 
discovery and generalization 

3. to write the objectives clearly, concisely, accurately 
but avoid being unnecessarily technical. They are 
written tor an elementary school teacher who is a 
general ist, not a science specialist. 

Projvctums 

Follow-up letters, including samples of the Science 
Learning Objectives, two units written in English and two 
units written in Spanish, will be sent to the Bilingual 
Project Directt)rs and to tiie teachers. Teachers will again 
be requested for test items and asked if they would care 
to serve on the Teacher Review Panel. Tliis panel of 
teachers will screen the test items to ensure that they are 



clearly written and appropriate for children of their grade 
leveK 

The objectives are now being translated into 
Spanish by George Obligado and Carlos Rivera since the 
feedback from the first mailing indicated that teachers 
requested objectives as well as test items. Most of the 
bilingual programs did not have science instructional 
objectives in English or Spanish, as the review of the 
proposals had also indicated. Project Directors had also 
suggested that more teachers would be teaching science 
in Spanish if they had such guidelines. 

Test items to supplement those developed by 
teachers will be written in Spanish or translated from 
appropriate items already in the public domain (such as 
those of the COPES program developed with IJ.S,0.E. 
funding) by Liza Martinez de G6mez and Carlos Rivera 
of the Bilingual Education Applied Research Unit staff. 
The items will be reviewed by Dr. Sanguinetti for 
scientific accuracy and by the Teacher Review Panel for 
appropriateness to their students. 

These test items, organized into mini test booklets 
by grade and unit, should be available by the end of 
March 1974, Teachers who are cooperating with the 
project can then select the mini test booklets for the 
units they have taught and pilot test the items in April. 

The Bilingual Education Applied Research Unit's 
approach to evaluation is to match assessment with the 
curriculum which has actually been taught, rather than 
to use standardized achievement tests which may cover 
material which has not been covered in the classroom. 

Content and skills which have been taught are 
assessed througli the use of instructional objectives. 

Instructional objectives have several advantages. In 
addition to being fair because they match the curric- 
ulum, they can also be used prescriptively. If an 
assessment is made at the beginning of the year, teachers 
then have a better idea of which skills aud content their 
students have already learned, which skills need review, 
and which still have to be lear.ied. 

At the end of the year, another assessment is made 
by the teacher, and the students' growth can be seen. 
Tlie next year's teacher will also have a better idea of 
what the students have already learned and which 
students are ready to move ahead and which need more 
review. 

Guidelines for the individualization of the curric- 
ulum, which most teachers agree is the best system for 
students, are then available. 

The evaluation is planned so that it will be as 
useful to the teachers and students as possible. 

The Science Assessment in Spanish Project, directed 
by Marietta Saravia Shore, will then return the complete 
pool of test items to teachers for their use. Teachers will 
then be able to individually select test items which 
match the material in the science units they have taught 
to their students. 

Teachers can also use the Unit test items at the 
beginning of the year, when they do not know the 
extent of their students* previous knowledge o.f science. 
In this way they can assess which areas students already 
know and which are still to be learned before developing 
their science curriculum. 

Tlie format of the test will include picture solutions 
St) that young children who may not read, but who 
understand the science concepts, can have the test 
questions read to them and then indicate the picture 
which is the correct solution to the problem. 
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GROUP A 

COMPUTER-BASED EDUCATION 

A I PROJECT C BE (COMPUTER-BASED EDUCATION): 
ITS GOALS* SCOPE, AND FACILITIES 

John J. Allan, 111, Associate Professor of Mechanical 
Engineering and Co-principal Investigator; Joseph J, 
Lagowski, Co-principal Investigator; and Mark T. 
Muller, Project Coordinator; Project C-BE, University 
of Texas, Austin 

This paper provides background on Project C-BE and 
how it is funded. The four goals of the Project - common 
concepts, evaluation, transferability, and implementation 
are presented and defined explicitly, In addition, the 
scope of the Project with respect to academic areas and 
modes of computer application is discussed in detail The 
academic areas range from engineering, chemistry, 
physics, and math to psychology and linguistics. The 
modes of application include interactive graphics in 
design, tutorial, drill, simulation, and computer-generated, 
scored repeatable examinations. Slides featuring the 
existing facilities and their use accompany the paper. 

A-2 PROJECT C-BE APPROACHES TO EVALUATION 
AND SOME PRELIMINARY FINDINGS 

Sam J. Castleberry, Curriculum Coordinator, Project 
C-BE; H. Paul Kelley, Director, Measurement and 
Evaluation Center; Paul G. Liberty, Associate 
Director, Measurement and Evaluation Center; and 
Agnes Edwards, Associate Curriculum Coordinator, 
Project C-BE; University of Texas, Austin 

Techniques used by all of the Project C-BE associate 
investigators to evaluate their individual projects and 
computer instructional modules are summarized. The 
presentation includes the methods used to validate the 
instructional modules, determine costs and cost 
effectiveness, and evaluate the overall effectiveness and 
impact of the course. 

The overall evaluation of all the individual projects 
within Project C-BE is discussed with respect to 
noncognitive learner variables studied, common concepts 
and effects across projects, cost effectiveness, and the 
building of an implementation model. A brief summary 
and preliminary analysis of data collected conclude the 
paper. 



A-3 CURRICULUM DESIGN FOR COMPUTER-BASED 
EDUCATION 

George !i Culp, Curriculum Coordinator, Project 
CONDUIT: Sam J. Castleberry and Agnes Edwards, 
Project Coordinators, Project C-BE; University of 
Texas, Austin 

General procedures for designing computer-based 
educational curriculum materials including course 
analysis: media/mode of presentation analysis; task 
analysis: behavioral objectives (cognitive and affective); 
modularization: synthesis: pilot testing, revision; course 
use, evaluation; revision; and documentation and 



dissemination are .discussed » Specific examples and details 
of each step are given, 

A*4 THE USE OF COMPUTER-BASED METHODS FOR 
TEACHING CHEMISTRY 

Joseph J, Lagowski, Professor of Chemistry and 
Co-Principal Investigator; Sam J» Castleberry, 
Curriculum Coordinator; Project C-BE, and George 
H. Culp, Curriculum Coordinator, Project CONDUIT, 
University of Texas, Austin 

A conventional general chemistry course which has 
been supplemented with computer programs effectively 
expands the capability of the instructor. Such programs 
can be classified broadly as tutorial/drill; examination; 
experiment simulation; and pre-skills. A detailed 
description of the course includes: the strategy for using 
the programs; results with respect to student achievement; 
costs; and benefits of the method, 

GROUP B 

TEACHER EDUCATION (ELEMENTARY) 

B-1 AN INTERDISCIPLINARY APPROACH TO THE 
PRESERVICE EDUCATION OF EARLY 
CHILDHOOD EDUCATION MAJORS 

Leon L. Ukens, Science Education Group 
Coordinator, Towson State College, Towson, 
Maryland 

As early childhood teachers are faced with numerous 
opportunities, either by plan or by accident, to relate 
various disciplines, an interdisciplinary approach to the 
preservice education of early childhood education majors 
has been developed at Towson State College. This 
approach utilizes a team of college faculty representing 
the areas of art, music, physical education, and science 
with specialists from the early childhood education 
department. The prevailing philosophy is to actively 
involve these preservice teachers in activities, projects, 
problems, etc., which simulate and challenge them on an 
adult level; as well as to help them keep in mind how 
these experiences could be utUized with young children. 
During scheduled weekly planning sessions the faculty 
team plans various multisensory learning experiences and 
concomitant approaches to be utilized with the college 
students. These experiences may involve meeting with the 
area specialists, working with children, working 
individually, or working in small groups. The experiences 
are coordinated in theme or approach. 

Another block of time is then used by the early 
childhood education specialists to coordinate and evaluate 
these ongoing experiences with the college students. 
Suggested activities may then be "tried out" by the 
college students during their scheduled elementary 
classroom observation and participation time, 

8-2 MODIFICATION OF CONCEPTS AND 
ATTITUDES HELD BY ELEMENTARY SCIENCE 
METHODS STUDENTS TOWARD SCIENCE AND 
THE SCIENTISTS 

Henry G. Walding, Instructor, and Harold R. 
Hungerford, Associate Professor, Science Education, 
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Department of (elementary Education, Southern 
Illinois University, Carbundale 

Interest in concepts of and attitudes toward science 
and the scientist is currently widespread. Notable research 
into facets of this topic has been completed by Beardslee 
and O'Dowd, Mead and Metraux, Jungwirth and others. 
Research findings, to date, indicate that both general 
populations and student populations hold concepts and 
attitudes which are largely inconsistent with the pedagogy 
of science itself. 

Few studios have dealt with the modification of 
concepts and attitudes concerning science and the 
scientist. This study specifically deals with whether or not 
currently held misconceptions and erroneously derived 
attitudes can be modified (or changed) in a manner 
deemed appropriate by the investigator(s). It presents an 
empirical analysis of the modification of concepts and 
attitudes held by elementary science methods students at 
Southern Illinois University (N^l 20) during the 1972-73 
school year. Data were gathered using an instrument 
designed by the junior author, which is structured to 
assess concepts and attitudes in a phenomenological 
mode. 

Findings emphatically indicate that a carefully 
designed methods course for elementary school teachers 
can significantly alter the concepts and attitudes of 
preservice teachers in a direction deemed appropriate by 
the evaluators. Strategies involved include readings, 
discussion, and investigations into the philosophical 
foundations of science and science education. 

This research appears to be of extreme importance as 
it indicates that the concepts and attitudes held toward 
science by teachers of science impinge directly on the 
conceptual and affective development of children. Given 
that teachers perceive science from a pedagogically sound 
perspective^ concepts ami attitudes developed by students 
under their direction should similarly be analogous to this 
same perspective. Herein lies a sound rationale for further 
research. 

8 3 THE DEVELOPMENT OF AN INSTRUCTIONAL 
MODULE TO ASSIST PRESERVICE SCIENCE 
TEACHERS IN ACQUIRING QUESTIONING 
SKILLS AT VARIOUS COGNITIVE LEVELS 

Theodore M. Johnson, Director of the Curriculum 
Materials Center, The Pennsylvania State University, 
University Park 

Problem 

The purpose of this study was to investigate the 
results of questioning-inquiring skills developed by 
preservice elementary science students utilizing an 
individuali/ed questioning module. The questioning 
module was one of a series of modules under development 
which were designed to illustrate the need for and the 
techniques of questioning at various cognitive levels. 

The Module 

A systematic individualized questioning module was 
designed to provide the student with the opportunity to 
develop and retlne questioning skills as pait of his 
instructional behavior. Uhimately the module will enable 
students to organize their own programs of study. The 
skills of identification and classification, writing with 
proper phrasing, and proper use of questioning are built 



into criterion-referenced objectives, The skills are 
developed using a multi-media approach. 

The student may achieve the various unit objectives 
by recycling until he reaches a prescribed criterion. It is 
assumed from other researchers that students placed in a 
formally styled and structured setting such as this module 
utilizes, may obtain these skills in less time than and in at 
least equal proficiency as others in less structured settings. 

B-4 ASSESSING ATTITUDES AS AN ENTERING 
BEHAVIOR OF PRESERVICE ELEMENTARY 
TEACHERS IN SCIENCE 

George P. Toth, Instructor, Curriculum and 
Instruction, The Pennsylvania State University, 
University Park 

Problem 

Studies on the effects of teacher attitudes toward 
science have revealed that a negative or neutral attitude 
toward science can influence the attitudes of children 
toward science and act as a detriment to effective science 
teaching [ 1 ] , [4] . Although some work has been done to 
correlate the teacher's affective domain of learning with 
science knowledge, [3], [S] little has been done to 
identify the characteristics of the preservice elementary 
teacher's attitude toward science. This study was designed 
to find out how preservice elementary teachers value 
science as a school subject. 

Method 

Over a two-year period, two open-ended questions 
were given to 162 third-year education majors who had 
completed at least four undergraduate science courses and 
were enrolled in an elementary science methods course. 
Following a procedure used by Perrodin [2], responses 
for each question were interpreted as being "very 
positive," "positive," "neutral," "negative," or "very 
negative." Responses were also tabulated and categorized 
to identify the ten most frequently mentioned favorable 
and unfavorable comments. 

Findings 

More than 500 summarized responses showed that 
more than 60 percent of the student responses were in the 
"neutral" or "negative" attitude categories. Identification 
of the most frequently mentioned comments ranged from 
"I lack confidence to teach science," and "I have trouble 
understanding science," to "Biology has been my best 
science course," and "Science helps me understand my 
environment." 

Discussion 

If science methods course instructors accept 
Stollberg*s [41 precept that "the teacher nmst be 
attracted to science" then it becomes obvious that 
methods must be employed to help develop the affective 
needs as well as the content, skills, and methodology of 
preservice teachers in our elementary science methods 
classes. 
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B-S COMPETENCY BASED PROGRAM FOR 
ELEMENTARY SCIENCE TEACHERS 

Ronald W. Cleminson, Associate Professor of 
Education, Memphis State University, Memphis, 
Tennessee 

Our second year of competency-based science 
teaching has brought an increased interest and several 
changes to our program. The competencies remain 
grouped into three sections for organization purposes, 
however* we have made many changes within this 
framework. The first section, Inquiry-Process Skills (A), 
has demonstrated that it provides an excellent background 
for inquiry teaching. We have integrated many of the 
processes, especially those that deal with formulating 
hypotheses. Also, we have made the competencies in this 
section more appHcabIc for classroom use. 

Section (B), Instructioml Skills, was originally 
designed to provide prospective teachers with experiences 
necessary for d^weloping teaching and classroom 
management skills. We found a need for more 
individualization than we had anticipated. Students and 
instructors were better able to identify specific needs and 
problems m small group and one-to-one settings. It was 
necessary to move away from the traditional one hour 
class period to blocks of time where students can work 
directK with instructors to solve specific instructional 
problems which they have confronted in their teaching. 

The third section of competencies. Research- 
Curriculum Knowledge (C), requires students to read 
current articles and books for small group interaction 
and to develop a greater understanding of activity- 
centered curricula. Students and instructors preferred to 
have scheduled infiumal sessii>ns where they had an 
opportunity to question what they had read and react 
to statements made by members of the discussion group. 
In addiiii)n» most students support continued use of 
Piageiian tasks in the module. Both students and 
instructors felt that the tasks provided students with an 
i)pportunity to interact with children on a one-to-one 
basis and, at the same time, provided an opportunity for 
students U) observe the various stages of reasoning in 
children. 



GROUP C . 

ENVIRONMENTAL EDUCATION 

CI THE DEVELOPMENT AND FIELD TESTING OF 
AN ACTION-ORIENTED, PROBLEM*FOCUSED 
ENVIRONMENTAL EDUCATION UNIT 

Patricia M, Sparks, Assistant Professor of 
Environmental Sciences, Glassboro State College, 
Glassboro, New Jersey 

A majority of the environmental education programs 
developed in the past few years have been aimed at 
developing in students an awareness of environmental 
problems. Environmental quality will be achieved only 
when the young people in our school are actively involved 
in dealing with environmental problems in their 
community. As a step toward environmental quality this 
writer developed and field tested an action-oriented 
guidebook for teachers. 

The guidebook contains thirty-six activities and four 
**designs for action" on solid waste, at three levels of 
sophistication: awareness, transitional, and operational 
problem-solving. The activities are based on a model 
which emphasizes open-ended questions that are 
stiuctured to develop process skills. 

As the basis for an 8-12 week unit dealing with solid 
waste the guidebook was field tested in two junior high 
schools, one urban and one rural. After teaching the unit, 
all five teachers involved in the study continued to deal 
with environmental concerns for the remaining five 
months of the school year. Teachers who tended to be 
traditional and content-oriented became less autocratic 
and more process-oriented as the unit progressed. This 
change in teacher bahavior paralleled an increase in 
student-initiated environmental problem studies. 

Opinionaires given to the teachers and students 
involved in the study showed a high level of interest on 
the part of both. The student opinionaire reflected a 
desire for self-paced learning plans in which the student 
set his own criteria for success. Three of the five teachers 
in the study developed some form of independent learning 
program with their students after completing the solid 
waste unit. Currently, four of the five teachers are 
teaching environmental units which they designed on the 
basis of the solid waste model unit. 

C-2 A BACKPACKING AND CAMPING PROGRAM 
FOR SECONDARY STUDENTS 

Lee R. Ihlenfeldt, Physical Science-Physics Teacher, 
Memorial High School, Madison, Wisconsin 

For the past four years. Memorial High School, 
Madison Public School System, has sponsored a 
Wilderness Studies Program in which students, teachers, 
and some parents took extended backpacking trips to 
Porcupine Mountain State Park in Upper Michigan and 
canoe trips on the Wisconsin and Flambeau rivers. The 
program began as weekend outings to supplement family 
camping. Classroom instruction gaged to include the 
novice camper, which is held after regular school hours, is 
open to students in all grades. Trips are planned by 
students; and highly qualified, experienced instructors 
check all details before joining the students on the trip. 
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Objectives of the program Include: 

t . Developing skills and attitudes which enable students 
to live comlbrtably and confidently In the 
out-ot-doors without abusing the environment, 

2. Providing students with an in-depth familiarity with 
the geological history and ecology of the only 
Pre-Cantbrian volcano in the Midwest, 

3. Introducing students to the lava flows and mountain 
formations of the Keweenawan Period. 

4. Providing the experience of living and working hi 
close cooperation with many individuals toward a 
connnon goal. 

Classroom and field instruction encompasses map reading; 
compass orientation; menu planning; basic geological. 
rock« and mineral identification; astronomy;^ plant and 
animal identification; tool handling; campcraft; packing; 
outdoor cooking; first aid; water analysis; and fishing 
techniques. 

Formal evaluation of the program has not been 
made, however, numerous and repeated requests of 
**When can we go again?" from anxious students indicate 
that the program is a success. 



C-3 MIDDLE SCHOOL ENVIRONMENTAL 
EDUCATION ~ A MODEL FOR PRODUCING AN 
AUTONOMOUS LEARNER 

Harold R, Hungerford, Science Education, Depart- 
ment of Elementary Education, Southern Illinois 
University, Carbondale, and Ralph A. Litherland, 
Science Supervisor, Carbondale Elementary District 
95, Carbondale, Illinois 

An effort in 1970 to create a learning environment at 
the middle school level that would result in autonomous 
learning experiences in environmental science met with a 
great deal of frustration. Large numbers of students at the 
middle school level could not ''discover how to discover" 
processes that could effectively be used in investigating 
environmentally related topics. 

An analysis of strategics available for investigating 
environmental problems plus an analysis of the character 
of environmentally related issues resulted in the 
development of a training hierarchy designed to assist 
students in functioning effectively as autonomous 
learners. This hierarchy is presently being implementf>d via 
a modular instructional model. Each module is designed 
to facilitate the acquisition of skills inherent in a 
prescribed portion of the training hierarchy. Objectives 
for each module are behaviorally stated and skill 
acquisition will be evaluated on the basis of students' 
performance as related to those objectives. SuDscquent to 
the successful completion of the modular strategy, 
students will be placed in a bona fide individualized 
learning environment as autonomous learners in 
environmental education. A strategy for value clarification 
is built into the student's autonomous learning 
experience. The success of the training modules will 
ultimately be evaluated in terms of the results of 
independent investigation as well as the measurement of 
shifts in students* values. 

This modular strategy was tested during the 1972-73 
school year in Carbondale. Illinois. During the 1973-74 
school year, a revised edition is being tested in a number 
of classrooms in New Jersey and Illinois. 



C4 CREATING QUALITY FIELD TRIPS FOR URBAN 
SCHOOL DISTRICTS 

Robert E. King, Secondary Environmental Program 
Specialist, Public Schools, Topeka, Kansas 

Eight modules, each providing 10 hours of 
instruction and a three-hour field trip, were developed for 
secondary students. Extensive cognitive and attitude 
testing was used in developing and revising oach module. 
Teacher and pupil acceptance of the content and format is 
very high. Each module contains student papers, 
experiments, films, and extensive teacher suggestions. 
More than 1,000 students have evaluated most modules. 

Outline summaries of the module and trip content, 
test results, and suggestions for developing similar material 
for other school districts are presented. Complete modules 
are displayed, and can be obtained Iree upon request. 

The modules are: 
L Forests and Man - woodland habitats, their roles in 

nature, and man's effects on forest communities; 

2. Geology and Our Environment - rocks and fossils of 
the Pennsylvanian Period, the forces that created 
them, and the role geology plays in determining the 
growth of cities: 

3. Life - Past, Present, and Future the study of 
paleontology, evolution, biomes, and food webs, on 
man his past and his future; 

4. Nutrition and the Growing Population - nutritional 
research, food processing and the selection of 
nutritional diets as a background for discussing the 
growing nutritional stress on the expanding human 
population. 

5. Electrical Production and Pollution Control - the 

production process for electricity. Its environmental 
problems, and the growing energy crisis in the United 
States, 

6. Ecology-Geology Field Study - a three-week 
summer school course in the geology and ecology of 
Kansas and the Rocky Mountains. 

7. Tire Production and Pollution Control physical 
science properties utilized in producing tires and the 
environmental consequences of the product and the 
production process. 

8. Cellophane Production and Pollution Control the 
chemical processes utilized in producing cellophane, 
and controlling the attendant air and water pollution 
problems. 

C-S ENVIRONMENTAL EDUCATION AND THE DEL 
MOD SYSTEM IN THE ALEXIS I. DUPONT 
SCHOOL DISTRICT 

Thomas S. Hounsell, Del Mod Field Agent, 
Department of Public Instruction, Dover, Delaware 

The formal program in environmental education for 
the teachers of the Alexis 1. duPont School District began 
three years ago in a developmental summer workshop. At 
this time, they developed an activity card system for 
environmental education as related to math* science, and 
social studies. Since that time we have continued the 
development and implementation of a K-12 
multidisciplinary program in population environmental 
education. The last year of our work was supported by 
the U. S. Office of Environmental Education. We have 
incorporated several extended multidisciplinary camping 
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tfNpenonccs tu 4Hii prii^iain in guulcs 3 lluu H. In udUiiioii 
we are presently adapUng the Science CHiiiicuhnu 
linpiovemenl Siiuly tnaieiuil u\ dui progiani of 
enviioiuuenial education K-4. 



GROUP D 

SPECIAL AREAS FOR CONSIDERATION 

D*l EDUCATIONAL OMBUDSMAN - SCIENCE AREA 

James tiusseit. Del Mod Field Agent, Deparimem of 
Public Instruction, Dover, Delaware 

A science Held agent is directly analogous to an 
oinbudsman. An ombudsnian is, according to various 
dictionaries, tMicyclopedias, etc., *'an otTlclal who 
nivestigaies the complaints of citizens relating to decisions 
or action by governmental officials or agencies. The 
ombudsman cannot control other officials.'' 

Altering the definition to be more compatible with 
education results in **a concerned educator who ntYersan 
outsider^ viewpoint in regard to the concerns of teachers, 
relating to decisions or action by state employees or 
administration.'' 

The Del Mod Science Agent is not an omnipotent 
person who solves everything with a magic wand. Field 
agents do not ride white horses (sanitation problems in 
hallways you know) or wear white hats. The field agent is 
not a cure-all. The science education ombudsman's efibrts 
to assist are always done in the form of a suggestion with 
the understandhig that the idea generated will become 
what the students interpret from the teacher. 

D.2 THE FIELD AGENT AS A CHANGE AGENT 

Dennis Reilly, Del Mod Field Agent. Department of 
Public hist ruction, Dover, Delaware 

A field agent describes the process which was used in 
causing changes in the elementary science curriculum 
in a district of eight elementary schools. A 
coordinator supervises the district's total science program 
(K'l2) which has a fairly well-defined science curriculum: 
using SAPA (Science A Process Approach), K*3, and 
district written units, 4-6 grades. With the concern about 
environmental (ecological) problems came the realization 
that the outdoors, as a learning laboratory, was being 
sadly neglected. Hence, the objective of a one-year 
part-lime field agent was to modify the existing 
elementary curriculum in order to utilize the students' 
outdoor environment. 

As a first step, existing .school sites were surveyed to 
determine facilities available to each school. Committees, 
consisting of teachers at each grade level, representing 
each school were formed. Two to four half-day work 
sessiiMis were set up on released time for each grade level. 
A presurvcy indicated that teachers' competency in 
outdoor educatiim was minimal; therefore, the sessions 
wore divided into iwi) parts. 

1. The teachers participated in various activities which 
introduced them to the utility of outdoor facilities. 

2. The teachers wrote resource units incorporating these 
activities inti^ the curriculum, indicating level and 
lesson, as well as scope ai \ sequence. 



Atler resource units were primed* they were 
disseminated to the teachers during inservice time. The 
program included participation and explanation of tiie 
tbrmat. 

This program resulted in the itivolvemem of H 
percent of the district teacliers constructively working 
together to upgrade tlieir science curriculum. Their actual 
harvests were the creation of distriet»wide environmental 
education resource units for five of six grades. Various 
audiovisual instruntents demonstrate incorporated lessons. 

D-3 THE ROLE OF THE SCIENCE CONSULTANT IN 
THE DEL MOD SYSTEM 

Audrey Conaway, Del Mod Consultant, Department 
of Public Instruction, Dover, Delaware 

As project assistant to the research director I helped 
locale and identify the high school science teachers in 
each district. On the elementary level I conducted a 
survey of science programs, scieni^u\iuipment, and any 
additional science information by contacting the 
elementary principals and visiting with them. 

As a field agent my activities were centered in the 
classroom working with the teacher on a one*to-one basis. 
The children were involved through demonstration 
teaching of SAPA and some environmental science units. 1 
also assisted principals in choosing science programs, 
ordering and distributing equipment and taking 
inventories of SAPA materials. 

D*4 THE ENVIRONMENTAL SEMESTER: AN 
ALTERNATIVE FOR TEACHER EDUCATION 

Charles W. Mitchell, Associate Professor of 
Fducation, State University College of Arts and 
Science, Piatt sburgh. New York 

The Institute for Man and His Hnvironment at the 
State Umversity College, Piatt sburgh, New York, offers a 
unique living/learning opportunity to study the 
man-environment ecosystem. 

This program is one of several under the direction of 
the Institute and is entitled "Man and Environment." It 
consists of a residential semester devoted wholly to 
environmental analysis and research for 40-45 students. 
The site is the Miner Center Campus, a satellite campus 
located fifteen miles north of the main campus. 

Man and Environment has developed as a cooperative 
venture between SUNY Pittsburgh and the William H. 
Miner Institute. The latter, an agency of a private 
philanthropic foundation, owns and operates the Miner 
Center Campus and provides substantial grant funding to 
the program. Man and Environment is divided into two 
curricular blocks. Introduction to Environmental Analysis 
credits-8 weeks); and Environmental Research Project 
(6 credits-7 weeks). 

During the research block, education majors are 
guided in the design and methodology of programs to 
translate environmental information into classroom 
experiences. They do this by working in the classrooms of 
a nearby school district under the .supervision of the 
classroom teacher and their education professor who is a 
member of the Man and Environment staff. 

Man and Environment offers a variety of activities 
and opportunities in addition to the regular curriculum. 
Periodically environmental specialists participate in 
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seminars and symposia at Miner Center, often with guests 
from the college and community. 

Extracurricular possibilities include hiking, back- 
packing and camping trips, downhill and cross country 
skiing, and horseback riding. Field trips include visits to 
urban Montreal, Canada, and various sites illustrating 
environmental concepts. 



GROUP E 

EVALUATIVE STUDIES 

E-I EVALUATION TECHNIQUES OF AN ON-SITE 
ELEMENTARY SCHOOL SCIENCE PROGRAM 

H. Gene Christman, Assistant Professor of Education, 
The University of Akron, Akron, Ohio 

The purpose of this study was to determine whether 
elementary education majors who were taking a 
professional course in the teaching of science differ from 
elementary education majors taking an "on-site" 
professional course in the teaching of science in, (a) the 
science content related to the elementary curriculum, and 
(b) their attitudes toward science. 

The investigator selected students to serve as the 
experimental and control subjects. He then administered 
the pre- and post-tests to both groups with two testing 
instruments. 

The experimental group consisted of 23 elementary 
education majors at The University of Akron who were 
experiencing an "on-site" elementary school science 
program. The science preparation for this junior group 
was tti? same as for the control group. 

The control group consisted of 36 elementary 
education majors at The University of Akron who were 
experiencing the regular science methods course. The 
science preparation for this junior group was the same as 
for the experimental group. 

Six hy p 0 1 he ses were evaluated du ring this 
investigation covering two controversial areas as reported 
in science education research literature. The six 
hypotheses concentrated on elementary science concepts 
normally taught in elementary school, and attitudes 
toward science. 

E-2 STUDY OF ECOLOGICAL CONCEPTS OF FIVE- 
YEAR-OLD PUPILS 

Mary N. Aycrs, Associate Professor, Early Childhood 
Education, Tennessee Technological University* 
Cookeville 

The purposes of this study were (a) to develop and 
evaluate materials in the content area of ecology for 
five-year-olds and (b) to compare two approaches to the 
presentation of ecological concepts to five-year-olds. 

The subjects in the study were 26 males and 16 
females selected from three kindergarten classes. The 
subjects were then divided into three groups. Each child 
was administered a pretest of 30 ecological terms. 

After selected ecological concepts were measured in 
the pretest, ecology units designed by the investigators 
were presented to two groups of the children. Both groups 
received the same basic information utilizing the same 



objectives during the first half of each lesson. Each period 
of instruction was approximately forty minutes every day 
for six weeks. The reinforcement or second half of each 
presentation was different for the two groups. 

Group A used reinforcement through a teacher-made 
workbook approach, Group B used reinforcement through 
experiments and audiovisual aids. Group C (1/3 of the 
children) received no instruction in ecology but was used 
as a control group in other phases of the study. 

A post-test of ecological terms was administered. 
Concepts and the two approaches were measured. Other 
tests used for comparison purposes in the study included 
the Peabody Picture Vocabulary Test (PPVT) and the 
Metropolitan Readiness Tests (MRT), Form B, 

Correlations were examined between the post-test 
scores on the ecology instrument and the test scores on 
the PPVT and the MRT, Comparisons of test scores on the 
ecology instrument between boys and girls were also 
examined. 

Persons working with five-year-olds need to 
understand some of the ecological concepts that can be 
developed in the classroom. There is also a need for more 
information concerning appropriate materials and 
methods in presenting ecology to the young child. 



E*3 CHILDREN'S ATTITUDES TOWARD SCIENCE 

Jerry B. Ayers, Associate Professor, and Cynthia 0. 
Price, Graduate Assistant, Tennessee Technological 
University, Cookeville 

The attitudes that children have toward a subject can 
be a primary factor in designing a new curriculum and in 
preparing for positive changes in any school or school 
system. The major purpose of this study was to determine 
the attitudes of children toward science in grades four 
through eight (middle school grades) in an extremely 
culturally and economically deprived Appalachian school 
system. 

All children in grades four through eight (N=544) in 
a rural deprived Appalachian school system in north 
central Tennessee were administered a 2I-item 
questionnaire designed to assess their attitudes toward 
science and science instruction. The questionnaire was 
constructed by the investigators based on previous 
research on the measurement of attitudes toward science. 
Nine questions were of a projective nature, and 12 used a 
Likert-type attitude scale. 

Results of the study indicated that there were few 
differences in the attitudes of males and females. An 
examination of the responses to individual questions by 
males and females indicated a similar response pattern. As 
with the results of previous studies, subjects in the lower 
grades appeared to have a more favorable attitude toward 
science than subjects in the upper grades. Moving through 
the grades older subjects had a more negative attitude and 
were more critical than younger subjects of such factors as 
textbooks^ experiments in science, field trips, and the 
attitude of the teacher. In conclusion, the results of this 
study indicated that older subjects, just prior to entering 
high schooK had a negative attitude toward science. For 
the subjects to become scientifically literate individuals, 
they must develop a more favorable attitude toward 
science. Results of this study have implications for 
curriculum development and teacher training in rural 
school systems. 
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GROUP F 

DEL MOD: THE SYSTEMS APPROACH 
TO SCIENCE EDUCATION 

F-1 DEL MOD -MEASURING SUCCESSES 

Charlotte Purncll, State Director, Del Mod System, 
Department of Public Instruction, Dover, Delaware 

The Del Mod System has completed its second year 
a year of expansion and innovation. Many of the 
innovations have been successful, others somewhat 
doubtful, and still others will not be attempted again. 

Del Mod is a school-based system. It operates at the 
grassroots, or consumer level. Del Mod goes to the 
teachers and works with them as individuals on the 
problems the^y encounter in their own classroom or 
problems defined by their school groups. Measures or 
degrees of success may best be determined by assessing 
subjective judgments of the individuals conducting the 
projects, comments made by the field observers, or, 
perhaps most important, what the individuals think have 
happened to them. Often, success is enabling the teacher 
or school faculty to ideni^fy problems and to seek 
treatment to overcome them. Other times, success is 
judged by the person conducting the program whose 
criteria for his conclusions are the production of 
something specific, or in terms of teacher behavior in the 
present program as opposed to previously conducted 
programs. 

Measures of success are also voluntary letters, phone 
calls, or conversations with principals, chief school 
officers, or supervisors. For someone who has been in the 
business of acting as am implementor of programs or as a 
change-agent, these are perhaps the most impressive. 
Unsolicited communications just do not happen unless 
there has been an observable behavioral change In teachers 
which is visible to an administrator. 

Perhaps the most important indicator that something 
positive has happened, is that science enrollments in high 
school science classes are not dropping. It is also known 
that youngsters are expressing to their parents comments 
on what is happening: these comments in turn reach 
school board members and frequently Del Mod funds are 
matched, materials purchased, and teachers encouraged to 
try programs > even in times of tight money. 



F-2 DEL MOD DISSEMINATION: SPREAD THE 
WORD TO ALL 

Thomas M. Baker, Del Mod/DPI Specialist, 
Department of Public Instruction, Dover, Delaware 

Any project that involves a number of people is 
usually lacking one important entity, good 
communication. The role of the Del Mod dissemination 
specialist is to develop good communication lines and 
keep them open on a two, three, four, or more way basis. 

In order to do this, several instruments have been and 
arc being developed. The science teacher in Delaware is 
important, and these instruments are designed to meet his 
needs through inservice programs, newsletters, classroom 
visitations, development of objectives and guidelines, and 
news releases. 



ERIC 



Within the Del Mod System, among its employees, 
the communication lines must also be kept open. The 
field agents, component coordinators, library technicians, 
and even secretaries are the arm of the dissemination 
specialist. Without assistance from these people Del Mod 
dissemination would be almost useless. 

The communication and dissemina: m problem is a 
difficult one, but through diligent needs assessments and 
planning, this problem can be met and overcome. 

F.3 DEL MOD - INVITATION TO ACTION 

Catharine Y. Bonney, Supervisor of Science, Newark 
School District, Department of Public Instruction, 
Dover, Delaware 

As an aftermath of an inservice workshop on the 
preparation and use of auto-tutorial programs in science 
education, a group of Newark teachers expressed a desire 
to produce some A-T packages of their own. Equally 
impressed with the potential of the A-T system for use in 
Delaware schools was Charlotte Purnell, then state 
supervisor of science, who later became director of the 
Del Mod Program. The invitation to action came in the 
form of Del Mod monies, supplemented by funds from 
the district's instructional budget, with the understanding 
that A-T packages produced would be duplicated and 
placed in the Del Mod Resource Centers throughout the 
state. 

To date, approximately forty packages have been 
developed. The basic ingredients of an A-T system are: the 
cassette tape needed to interpret the topic, student 
activity sheets, instructions to the teacher, and an 
evaluation instrument. The teacher's guide specifies the 
laboratory material and equipment needed to perform the 
prescribed activities. Topics covered in the prepared A-T's 
fit into the areas of physics, chemistry, biology, earth 
science, mathematics, life science, health, or the physical 
sciences. These packages have been classified according to 
the library's Dewey Decimal System. 

Another important facet of Newark's participation in 
the Del Mod Program was the attainment of services of a 
part-time field agent. This phase of the program was 
instrumental in opening lines of communication between 
science teachers throughout the district. Del Mod money 
was used to pay substitutes needed to free teachers for 
meetings during which classroom ideas were shared and 
common problems aired. 

Finally, Del Mod's invitation to action made it 
possible for the district's supervisor of science to meet 
with other science leaders within the state during 
share-and-tell sessions open to project directors. This 
contact with other science educators was expanded to 
worldwide dimensions when the Newark supervisor 
represented Del Mod at the meeting of the International 
Confederation of Scientific Unions held at the University 
of Maryland in the Spring of 1^73 and presented a paper 
entitled Del Mod: A Parallel to Science Teaching Centers. 

F4 GROUP PRESENTATION OF DEL MOD SYSTEM 

Richard Cowan, Del Mod Field Agent, Department 
of Public Instruction, Dover, Delaware 

Two items arc crucial to good instruction: 
competence a thorougli understanding of the subject, and 



confidence the ability to feel at ease with the material 
one is presenting. Teachers who desire to become more 
effective persons in the classroom will usually seek help 
with one item or the other. 

The Del Mod field agent program provides the 
opportunity for an expert in his field to go into the 
classroom - in a totally nonthreatening manner - and 
help the teachers on their own turf. This is a feat most 
tnservice programs cannot duplicate. It is the field agents' 
primary aim to help the teachers improve classroom 
performance. 

Many people will agree that competence generates 
confidence. Hence, the emphasis for improving 
mathematics instruction has been on improving the 
teachers' competence. However, what happens if the 
efforts aimed at increasing the teachers' knowledge do not 
yield results, as so often is the case? The effort not only 
tails to increase the individuals* competence but in failing 
to learn the mathematics which was indicated as being 
necessary for improved instruction, the individuals lose 
confidence in themselves and as a result their classroom 
performance suffers, 

Del Mod field agents are concerned with increased 
competence of the teachers with whom they are working. 
However, they feel that once the teachers gain confidence 
in what they are teaching, the teachers will be more 
receptive to programs which will improve their 
knowledge. 

Edith Biggs, in her book "Freedom to Learn" 
describes a good classroom as one in which there is an 
**atmosphere which encourages resourcefulness, 
self-confidence, independence, patience and competence/* 
It may be significant that competence is listed last. Del 
Mod field agents attempt to provide exactly the same 
atmosphere for the teachers with whom they are working. 



F-S INSERVICE EDUCATION AND THE DEL MOD 
FIELD AGENT 

Barbara Logan, Del Mod Field Agent, Department of 
Public Instruction, Dover, Delaware 

The call for radical educational reforms coming from 
all sectors of society points up the need for changes in 
inservice education. If teachers are to grow professionally, 
they need the time and the external resources that will 
enable them to clarify their perceptions, diagnose their 
own strengths and weaknesses, and assess their needs. 

In the person of the field agent, Del Mod offers an 
external facilitator aiding teachers to master the skills 
identified by the teachers themselves, as important and 
needed. Through its release time inservice seminars, Del 
Mod strives to create the time needed for teachers to form 
new points of view, reach new understandings regarding 
the process of education, and acquire new skills. 

With the psychological **boost'* that comes from 
participation on a release time basis, the camaraderie that 
grows as teachers work together to solve common 
problems, and the continued support of the field agent, 
the teacher gains a confidence which reduces the anxiety 
of change. He begins to capitalize on his particular 
strengths, to develop a variety of teaching strategies and 
to adjust to the nuances of the learning situation. 
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GROUP G 

ELEMENTARY SCHOOL SCIENCE 

G-l IMPLEMENTATION FOLLOWS NONRATIONAL 
RULES. 

Michael R. Cohen, Associate Professor of Education, 
Indiana University and Purdue University, 
Indianapolis 

A National Science Foundation Cooperative - 
College School Science program to assist Indianapolis in 
implementing its new elementary science program was 
conducted one year after the curriculum was adopted. 
The program was based on the available implementation 
research at that time* (The work at ERIE and the 
implementation work of Mary Budd Rowe). While the 
research was helpful in approximating difficulties, the 
speed of implementation within the Indianapolis system 
raised many nonrational problems not considered 
previously. 

Knowledge of implementation procedures was not 
sufficient* When under stress it was easy to ignore 
guidelines. The level of conceptualization of ESS by the 
university personnel, the school administration, the 
publishing company, and the teachers raised many 
communication problems for implementation. The 
changing of teacher attitudes with regard to how children 
learn, messing about in science, and the importance of 
process education had a limited effect on their behavior. 

The complexity of implementation results from a 
combination of rational and nonrational problems and 
considerations. Future implementation programs need an 
expansion of the conceptualizations and activities, such as 
human potential and value clarification, to insure their 
chances for success. 

G-2 OVERNIGHT CHANGE: EXPERIENCES IN THE 
SCHOOLS 

Gary E. Huffman, Science Supervisor, Indianapolis 
Public Schools, Indianapolis, Indiana 

The decision to adopt the Elementary Science Study 
program (ESS) in place of a science textbook for the 
Indianapolis Public Schools was made in the spring of 
1971. The implementation that September was the largest 
single adoption of such a program in the country, 
affecting 1,500 teachers and 48,000 children in grades 
1-6, 

The experiences of the schools in implementing this 
program during the next three years were based on 
continuous decision-maklng with incomplete data. The 
problems faced included: supplying more than 100 
elementary schools with materials in a system geared to 
textbook distribution; evaluating for report cards without 
questions at the end of the chapter; providing time to 
**mess around** in science while pushing a "right to read" 
program; developing structures for an open-ended 
program: working with teachers who were not familiar 
with ESS activities or process education; overcoming 
feelings for low chances of success. 

The solutions to overcoming or coping with these 
problems revolve around an understanding of, and an 
appreciation for: who makes curricular decisions; who 
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carried out ihe decisions; and who is faced with the 
problems caused by the decisions. 

C-3 RESPONSE WITH RELATION TO SMALLER 
SCHOOL DISTRICTS 

H. Prentice Baptiste, Associate Professor of 
Curriculum and Instruction, University of Houston, 
Houston, Texas 

The value of the experiences at Indianapolis depends 
upon their relationship with implementation projects in 
other school districts. The kinds of problems encountered 
in the implementation of ESS appear not to be related to 
the size of a school district. Only the magnitude of the 
problem is clearly related to the district's size. 
Implementation problems with teacher training, cost, an 
emerging philosophy of science education, reorganization, 
and evaluation will be faced by all school districts. This 
response which compares the similarities and differences 
between the Penn-Harris-Madison schools (a small 
rural-suburban school district) and the Indianapolis 
School district (a large urban school district) supports the 
above statements. 

&4 RESPONSE WITH RELATION TO STATEWIDE 
IMPLEMENTATION 

Leonard Marks, Professor of Education, University of 
North Dakota, Grand Forks 

For the past five years the University of North 
Dakota and numerous rural school districts have been 
engaged in a systematic effort to upgrade the overall 
quality of science education as part of a larger 
implementation effort of open-classroom teaching and 
learning practices. This response compares the similarities 
and differences between the Indianapolis implementation 
program and that of a number of small rural school 
districts. 



GROUP H 
INTERESTING APPROACHES 



H-l RESOURCE BANKING FOR THE IMPROVEMENT 
OF SCIENCE EDUCATION 

Robert M, Jones* Research Associate for the 
Oklahoma Earth Sciences Educational Improvement 
System Project, The University of Oklahoma, 
Nornidh 

During the design phase of the Oklahoma Earth 
Sciences Educational Improvement System Project 
(OESEISP), data were collected to aid in the development 
of instruments and techniques for assessing the needs of 
local school earth sciences instructional programs. An 
analysis of these data revealed that many of the expressed 
program and facility needs of local schools could be met 
with existing resources. This finding led to the pHot 
development of a classroom teacher-oriented earth 
sciences resource bank utilizing the General Information 
Processing System (GIPSY) at the University of Oklahoma 
Merrick Computing Center. 



A survey of available catalogs and resource 
publications yielded an initial list of science discipline, 
topic, media, grade level, and user population descriptors. 
The resulting computerized file contains information on 
materials and services listed by 75 topics, 30 media, and 
10 general discipline descriptors. In audition, based upon 
identified project needs, information useful in science 
education curriculum decision-making was obtained and 
entered in the file. 

One unique feature of the pilot project is the use of 
inservice Oklahoma teachers as teaching resource 
evaluators, A rating system based upon the in-classroom 
usefulness of the media is utilized to assess the value of a 
particular entry. This results in only highly interesting and 
useable resources being retained in the bank. 

The resource bank philosophy is independent of the 
hardware available or subject matter involved. Several 
communities in Oklahoma have developed instructional 
resource banks without utilizing sophisticated computer 
equipment. Information on the Ripley Elementary School 
learning center support system and the Mustang Middle 
School instructional materials center illustrate specific 
local utilizations of the philosophy. 

H. 2 THE TYPEWRITER AS LABORATORY 

INSTRUMENT: WHY NOT USE SCIENCE 
WRITING IN SCIENCE TEACHING? 

Harry M. Schwalb, Editor, **Turtox News,** 
Macmillan Science Co., Inc., Chicago, Illinois 

All scientists are writers - of a sort. No experiment is 
complete without a written description of how it was 
conducted. Never before have so many professional papers 
been given or published; hence there has never been 
greater need for science writers to interpret them for 
today*s re^Jers. The biology c!ass in senior high school 
and college is a logical place to introduce the writing of 
the science article. There would be several benefits: 

I. It would teach science students the value - and 
pleasure - in interpreting their science activities in 
personal, informal, concrete, contemporary words. 

2. It would simultaneously reinforce the value - and 
necessity - of the traditional /^personal scientific 
report. 

3. It would introduce talented students to the 
professional possibilities in science writing (now 
taught in a number of universities and schools of 
journalism). 

4. It would demonstrate the remarkable precision of 
words as "tools'' approaching the parts-per-billion 
sensitivity of optical-electronic instrumentation. 

5. It would aid in the teaching of English, even though 
conducted in a non-grammar/syntax-oriented format. 
The recent Anglo-American Seminar on the Teaching 

of English found that nothing in English is less effectively 
taught than writing. A major problem: the widespread 
assignment of irrelevant, fanciful, abstract, or over-literary 
subjects. The use of biology - the science of life - would 
provide an endless range of relevant subjects (example: 
what goes on inside the student when he dissects his first 
frog .„ or when he sees his first scanning electron 
micrograph of radiolaria). Teachers would not grade these 
**papers'' as English themes, and certainly not in the 
traditional isolation from students; they would mutually 
discuss the papers in groups, looking for scientific 
accuracy, freshness of language, and personal insights, 
incidentally enriching and stimulating the biology class. 
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H-3 USE OF SLIDES IN A HIGH SCHOOL PHYSI- 
OLOGY CLASS HAVING MODUUR-TYPE 
SCHEDULING AND AN OPEN LABORATORY 

Donald E. Mason, Teacher, Anatomy and Physiology, 
General William Mitchell High School, Colorado 
Springs, Colorado 

It is important, in modular-type scheduling, to 
provide as much communication with the students as 
possible. Over a period of tour years I have developed a 
fieries of 35mm slides that I use for prelab instructions, 
postlab review, testing, lecture presentations, etc* The 
presentation emphasizes the use of these 3Smm slides in 
the educational process and summarizes difiercnt 
activities that take place in Mitchell High School's 
anatomy and physioto^ class. 

H*4 MATRIX MADNESS: A METHOD OF 
CONTRIVING ALTERNATIVE SCIENCE 
INVESTIGATIONS FOR EVERYDAY THINGS 

Larry E. Schafer, Assistant Professor of Science 
Teaching, Syracuse University, Syracuse, New York 

Scene: A fourth grade classroom. Mr. Flibbic, science 
supervisor or professor, and Mrs. Robb, classroom 
teacher, are standing before the class aquarium. 

Mr. Flibble: *'My, Mrs. Robb, what a beautifully 
immaculate aquarium you have. You must get a lot 
of science lessons out of that.'' (smiling, radiant) 

Mrs. Robb: **Well, Mr. Flibbic, we try. The children learn 
responsibility by taking turns feeding the fish and 
changing the filter. In addition, we talk about gills, 
how fish breathe underwater, and the function of 
aquatic plants. (Expressions of disappointment and 
concern begin to appear.) Frankly, Mr, Flibble, I am 
at a loss for new ideas. For the most part, our 
aquarium sits there and bubbles. What new 
investigations could we perform?" 

Mr. Flibbic: **Wcll, Mrs. Fobb, there is always the ... No, 
that's too advanced. Then you could .»» No, you 
would need two tanks. I've got it! Gosh, Tm sorry 
that wouldn't work either. Oops! Mrs. Fobb, either 
your clock is 20 minutes fast or I am late for a 
meeting. Got to rush. See you next month. (Exit Mr. 
Flibbic.) 

Seemingly, a method of contriving science 
investigations for aquaria, lumps of clay, Halloween 
pumpkins, or any available material would be welcomed 
by the Mrs. Fobbs and Mr. Flibbles in our schools and 
universities. 

Enter: The Matrix 
Matrices (or grids) can be used to quickly identify 
the possible combinations for given sets of elements. Why 
not use. as the elements, variables associated with the 
investigation of available materials. Take, for example, the 
classroom aquarium. Hnvironmentat factors could be 
listed along one side of the matrix (see legend and the 
niatrix) and fish behaviors along the other side. 



Environmental Factors 
A B c D E 



Environmental Factors 

A. Temperature o\ the water 

B. Amount of space/ fish 

(\ Amount of light leaching 
fish 

D. Surface area available to air 
I".. Loudness of noise made 
near the tank 



Fish Behaviors 

1 . Rate of gill movement 

2. Depth of fish in tank 

3. 1 requency of direction 
change 

4. i requency of aggressive 
movements toward other 
fish 
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With 4 (down) x 5 (across) or 20 combinations, we 
have 20 investigations to consider. Combination, for 
example, 1*D would lead to the question: How is the rate 
of gill movement related to the amount of surface area 
available to air? 

The methods of matrix construction are described 
with numerous examples of matrix use. The participants 
will acquire not only a large number of investigations that 
can be performed with available material but also a 
method of contriving more. 

H-5 TOWARD SELF-DIRECTED LEARNING IN 
SCIENCE 

Jack Hassard, Associate Professor, Georgia State 
University, Atlanta 

This paper outlines an approach to self-directed 
learning, to support the approach from a psychological 
and learning theory rationale, and to identify examples in 
which the approach is being utilized. 

Self*directed learning is a goal of education and to 
many educators may be the most important one. Because 
it is a goal and because teachers and learners vary in their 
style of learning, there are numerous variations in any 
approach to self-directed learning. Implied, however, in a 
self-directed learning model for education are the 
following assumptions about learning and teaching: 

1. Every human has a natural potential for learning. 

2. Learning can occur without the teacher being the 
dominant figure. 

3. Learning that is important takes place when the 
subject matter is received by the learner as having 
relevance for his own purposes. 

4. Independence, creativity, and self-reliance are 
facilitated when evaluation is intrinsic, rather than 
extrinsic. 

5. Learnings which involve feelings as well as the 
intellect (affective and cognitive) are the most lasting 
and pervasive. 

6. The teacher helps to elicit and clarify the purposes of 
the individuals in the class and to help implement 
those purposes as a motivational force to learning. 

7. The teacher is responsible for providing a learning 
environment full of the widest range of resources for 
learning to help enhance the fulfi-lment of student 
goals. 

8. The teacher accepts the intellectual content and 
emotional attitudes of his student... 

^. The teacher takes the initiative in sliaring himself 
with his class within the context as representing a 
personal siiaringwith his students. 
The assu:nptions listed above guided the 
development of a special workshop with 29 teachers at 
Georgia State University during the sunmier of 1972. The 
philosophical and psychological foundation implicit in 
these assumptions created an atmosphere in the workshop 
that self-directed learning was a viable alternative for 
science teaching and could be put into practice. Hxamples 
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of self-directed learning operating in an elementary class, a 
high school science class, and a college classroom are 
presented using a media presentation, 

H*6 AN INTERESTING APPROACH 

David Cohen, Visiting Professor in Science 
Education, University of Maryland, College Park, and 
Professor, School of Education, Macquairie 
University, New South Wales, Australia 

No abstract submitted. 

GROUP t 

ENVIRONMENTAL EDUCATION 

I-I ENVIRONMENTAL EDUCATION IN THE 
ELEMENTARY SCHOOL 

Glenn Clarkson, Elementary Environmental 
Education Program Specialist, Environmental 
Education Project, Public Schools, Topeka, Kansas 

This presentation describes the curriculum units 
developed by the Topeka Environmental Education 
Project for intermediate grades. Each unit consists of 
instructional activities for use prior to and following an 
appropriate field trip. The following units are discussed: 

1. Knowing and Using Your Environment contains 
topics on geology, plants and animals, rivers and 
reservoirs, nondestructive recreation. 

2. Envikonmental Fundamentals provide the basic 
knowledge and skills necessary in order to make 
knowledgeable decisions regarding man^s use of his 
environment including topics of Basic Needs of Life, 
Food Webs, Observational Skills, and Environmental 
Changes. 

3. Animals supplements the animal unit included in the 
tlfth-grade science text and utilizes the local zoo. 
Major emphasis is on animal adaptations, similarities, 
variations, man's influence on animal habitats, and 
animal distribution over the world. 

4. Plants supplements the plant unit included in the 
fifth-grade science text and utilizes the local 
conservatory. Major emphasis is on plant adaptation, 
similarities* variations, man*s utilization of plants, 
and plant distribution over the world. 

5. Water emphasizes (a) the importance of water, (b) 
man*s uses of water, and (c) how man aids natural 
purification through water and sewage treatment. A 
field trip through the waste water treatment plant 
and water treatment plant provide? reinforcement. 

6. Energy and the Environment illustrates how man*s 
influence on the environment has been related to the 
amount of power a person can control. A field trip to 
the State Historical Society Museum is included. 

1-2 CREATING QUALITY FIELD TRIPS FOR URBAN 
SCHOOL DISTRICTS 

John Hirsch, Junior High School Science Teacher, 
Public Schoi>is, Topeka, Kansas 

Techniques for creating and implen^enting quality 
field trips on a large scale for urban school systems are 



presented. Data are based on three highly successful years 
for an environmental education project in Topeka, 
Kansas, public schools. Materials developed, teacher 
training techniques, field trip leadership problems and 
solutions, approaches for encouraging industry 
participation, and data indicating student and teacher 
response to the various trips are provided. Over 200 
teachers, 25,000 students, industries, parks, zoos, and 
museums have been involved in the project. 

1-3 A COMMUNITY ACTION MODEL TO REDUCE 
AQUATIC POLLUTION 

Donald E. Maxwell, Project Director, K*12 Science 
Supervisor, and Bill Yost, Supervisor of Instructional 
Materials Center. Waterford School District, Pontiac, 
Michigan 

This is a three-screen multi-media presentation of one 
community's efforts to solve an important immediate 
environmental problem while providing a basis for better 
informed citizenry for the future. The model exemplifies 
an action approach to environmental education. The 
program was made possible through an ESEA Title III 
grant. Its uniqueness lies in its three-pronged attack upon: 
(a) The immediate environmental problem, that of aquatic 
pollution; (b) the formation of a basic environmental 
education program; and (c) involvement of various 
community organizations. 

1-4 INTERDISCIPLINARY STUDY AT JEFFERSON 
COUNTY^S OUTDOOR EDUCATION 
LABORATORY SCHOOL, EVERGREEN, 
COLORADO 

Gordon L. Thies, Doctoral Intern, Department of 
Science Education, University of Northern Colorado, 
Greeley 

Jefferson County Outdoor Laboratory School 
provides an innovative interdisciplinary curriculum at its 
Evergreen, Colorado, ranch. Current interdisciplinary 
aspects at the outdoor school include: meteorology, 
ecology, geology, pottery, dramatics, forestry, da: -ing, 
drawing, survival, outdoor cooking, camping, group 
dynamics, aquatic studies, music, backpacking, wildlife, 
astronomy, math, social studies, physical fitness, photo- 
graphy, mountaineering, crafts, writing, orient ational- 
mapping and social skills. 

Sixth-graders attend in groups of up to 200, 
accompanied for the week by their teachers, high school 
helpers, and curriculum specialists. The year-round staff 
consists of director, nurse-secretary, teacher-in-residencc, 
maintenance staff, and cooks. The 550-acre site at 8,200 
ft. on Mt. Evan's slopes has many facilities augmenting the 
i n t e r d i aciplinary cu rriculum including five heated 
dormitories, a recreation-dining hall, an art-drama barn, an 
observatory, a main lodge with offices, a lounge and 
classrooms, tenting stations, marked trails, a museum-zoo, 
and the use of nearby U.S. Forest lands. The YMCA of 
the Rockies is used as an overflow camp. 

Three weeks prior to arrival the outdoor education 
coordinator meets with school personnel and helps them 
plan topics to study, resources to use, and group 
scheduling. Modes of approach vary, but the assistance of 
a visiting geologist and forester as well as some fine arts 



161 



teachers insures that every student explores integrating 
areas of outdoor learning in the cognitive, affective* and 
psychomotor domains. The teacher-in-rcsidence and the 
director, with the help of interns, assist teachers in 
designing appropriate lessons to fit the natural 
environment, using teaching aids and multiple-talent 
approach. High school helpers contribute skills for 
teaching unique cross*discipline subjects to small groups 
and individuals. Classes are integrat»'d with ongoing school 
activities through pre<anip fundamentals and post<amp 
follow-up studies. The outdoor program icdchc^ that best 
which cmi best be taught in outdoor Colorado - a love of 
nature. 

I S PHOTOGRAPHY AS A TEACHING TOOL FOR 
ENVIRONMENTAL SCIENCE 

Donald C. Paiker, Doctoral Student, Science 
Education, Syracuse University, Syracuse, New York 

A simple method of increasing student interest and 
activity in environmental science is through the use of 
photography. Photography allows the student to actively 
investigate his immediate environment and record 
observations for classroom discussions. 

Environmental science has gained much attention in 
curriculum development over the past tew years. Many 
new texts, learning activities, and lab packages have been 
prepared to introduce students to the study of ecology. 
However, much of this material deals with general 
concepts which the teacher nmst adapt to the specific 
school locality. Depending on the teacher's subject 
background, availability of materials and resource 
persimnel, this adjustment often results in less than 
successful transfer of intended objectives. In such cases, 
certain teaching tools are most useful in facilitating 
achievement of course concepts. 

The use of photography requires a minimal amount 
of equipment, and operation is both easy and inexpensive 
( film and processing cost for 20 color slides - S3.50). 

Photography has been used in my classroom, and 
materials produced by students and me are used to 
illustrate the following ways of using photography with 
the study of ecology: 

1. recording the immediate environment for 
investigation of ecology concepts (succession, 
symbiosis, etc.); 

2. recording different environ ucnts for ecological 
comparisons; 

3. pre- and post-field trip discussions; 

4. recording field trip observations; 

5. pollution inventory of the community; 

6. recording ecological changes with time (due to 
construction, seasons, etc.): 

7. operation of the copy stand for producing slides 
from commercial materials. 



GROUP J 

TEACHER EDUCATION (INSERNaCE) 

M INSPIRATION IS NOT ENOUGH FOR INSERVICE 
TEACHER PREPARATION: WORDS AND 
PICTURES 

Mitchell t. Batoft\ Associate Professor of Science 
Education, Jersey City State College, Jersey City, 
New Jersey 



Inspiration and knowledge obtained in an inservice 
elementary school science course are necessary but 
insufficient to modify a teacher's style of teaching once 
he/she returns to the classroom after the course. In fact, 
many a course funded by the National Science 
Foundation (NSF) and other agencies has left teachers 
inspired and perhaps more knowledgeable but terribly, 
terribly frustrated. They often return to their classrooms 
at the end of the summer no more able to implement the 
grandiose ideas presented to them than before the course. 
Their teaching style remains about the same as before the 
course. Science is still taught predominantly as talk and 
chalk with little or no meaningtul involvement on the part 
of the pupils; with little or no first-hand manipulative- 
investigative experiences for their pupils; with little or no 
"wet laborato'^y" situations. 

This presentation offers no panacea but does show 
the efforts and results of a novel summer course offered in 
1972 and 1973 by the Ontario Ministry of Education. 

The authors believe that the participants' teaching 
style was nuxlified, at least a little, as a result of the 
course, and particularly as a result of an element present 
(in this course) that is truly innovative and usually absent 
from similar inservice courses. 

J*2 DESIGNING A MODEL FOR DEVELOPING 
LEARNING MATERIALS THAT PROVIDE 
ELEMENTARY TEACHERS WITH CONTENT 
BACKGROUND IN SCIENCE IN AN INSERVICE 
WORKSHOP FOI T 

Winston E, Cleland, DuPont Fellow, Del Mod, 
Department of Public Instruction, Dover, Delaware 

One often hears teachers complain about irrelevant 
or inferior inservice programs which they are forced to 
attend each year. This paper discusses a model for 
designing inservice workshop materials that are relevant 
for teachers who are attempting to institute one of the 
new inquiry based elementary science programs (SAPA, 
SCIS, ESS, etc) in their classrooms. The model is 
designed to provide the teachers with content background 
in an area of physical science while teaching them the 
process skills needed to successfully utilize new curricular 
materials with their children. 

The model sets up four stages for development of a 
learning package suitable for inservice programs. 
L The new curricular materials that are being adopted 

by the teachers in the prospective workshop are 

reviewed. 

2. Relevant content areas are delineated and a small 
coherent set of science concepts is chosen for 
inclusion in the workshop learning package. 

3. The set of science concepts arc behaviorized and 
broken into a manageable set of behavioral objectives 
that should serve as the vehicle for choosing 
appropriate workshop activities, 

4. Workshop activities are chosen that relate to the set 
of content objectives and incorporate materials 
equipment, and if possible, that relate to actual 
exercises from the curriculum to be adopted. 

The workshop exercises should be activity-centered 
with as little lecture as possible. 

This paper describes how this model is used to 
develop a learning package in Newtonian Mechanics. The 
Newtonian Mechanics Module is behaviori/ed. The 
activities are laboratory-centered with the teachers using 
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equipment and, in some cases, exercises, from the SAPA 
materials. Pre-tests and post-tests can be used to evaluate 
the participants or the module, or to diagnose learning 
ditYiculties* Field tests of the module and its evaluation 
are discussed « 

Developing new approaches to the inservice training 
of science teachers is one part of a comprehensive plan to 
improve science instruction in the Delaware Public 
Schools being implemented by the Del Mod System. 

J-3 WHY CANT TEACHERS UNDERSTAND SCIENCE 
PROCESSES? 

Darrel W. Fyffe, Assistant Professor, Bowling Green 
State University, Bowling Green, Ohio 

The notion of teaching the science processes and 
skills has been under discussion for a number of years. 
The Science - A Process Approach materials developed 
for elementary school use implement many of the best 
ideas in a process-oriented program. However, many 
teachers, even with time spent studying and using this 
approach still think of science teaching in terms of 
concepts. 

The teacher's prior experience as a student and/or 
teacher has always taught that science dealt with concepts 
and ideas concerning the nature of our environment. 
Somehow we haven't communicated the notion of science 
as a method of inquiry. Some means must be developed to 
better accomplish this goal. 

Another problem is that few, if any, other areas of 
study deal with the processes of that area of study. The 
content of each discipline is presented as the proper 
subject matter of study. 

Lastly, few supplementary materials are available 
which use the language and goals of process development. 
We must devise or write more materials of this nature to 
reinforce the efforts of the teacher. 

Some concrete examples of ways to solve the 
dilemma drawn from workshops and clinics conducted by 
the author are presented. Teachers must begin to better 
comprehend the processes of science before we can expect 
them to teach the processes, 

M THE EFFECTS OF AN INSERVICE EDUCATION 
PROGRAM IN SCIENCE ON THE STUDENTS OF 
PARTICIPATING TEACHERS 

Joseph E. Pinkall, Science Education Specialist, ESU 
III-OSACS Science Center, Gretna, Nebraska 

The purpose of this study was to determine the 
effects of the Omaha Suburban Area Council of Schools 
(OSACS) Science Center's inservice education programs in 
Elementary Science Study (ESS) and Process Science on 
the students of fifth- and sixth-grade teachers who 
participated in these programs. 

The study was conducted during the 1972-73 school 
year using a Post-test-Only Control Group Design. 
(Campbell and Stanley, 1969) Randomization was used to 
insure the lack of initial bias between the experimental 
and control groups. 

An experimental group of 150 fifth- and sixth-grade 
students taught by teachers who completed an OSACS 
Science Center inservice program in ESS or Process 
Science were compared with a control group of 150 fifth- 



and sixth-grade students taught by teachers who did not 
participate in these inservice education programs. 

Comparisons between the experimental and control 
groups were made in three areas: 
1* Knowledge of scientific processes based on Riley's 

A Test of Science Inquiry Skills, 
2. Knowledge of scientific content based on the science 

section of the Sequential Test of Educational 

Progress, Series II, Form 4A, and 
3« Attitude toward science based on the Meii Science 

and Scientists Attitude Inventory. 

The analysis of data indicated that the experimental 
group scored significantly higher (at the .05 level) than 
the control group on all three of the evaluation 
instruments. Based upon the analysis of the data it was 
concluded that the OSACS Science Center's inservice 
education programs in ESS and Process Science had a 
positive effect upon the students of teachers who 
participated in these programs. 



GROUP K 

SPECIAL AREAS FOR CONSIDERATION 

K-1 CAREER EXPLORATIONS IN SCIENCE AND 
ENGINEERING THROUGH A SUMMER YOUTH 
PROGRAM 

Michael L Agin, Assistant Professor of Science 
Education, Michigan Technological University, 
Houghton 

This paper reports the development, implementation, 
and evaluation of a career exploration program* Slides 
illustrate some of the important aspects of this innovative 
program. 

During the summer of 1973 the teacher education 
department of Michigan Technological University 
conducted an experimental career education program for 
secondary school students - grades 7-12. The basic 
objective of the program was to provide youth the 
opportunity to gain firsthand experience with careers in 
science and engineering. The students participated in one 
or two of 23 one- and two-week explorations of the 
Summer Youth Program (SYP), which included forestry, 
limnology, ecology, geology-mineralogy, field archeology, 
computer science, and several engineering-related 
explorations ~ civil, electrical, mechanical, and 
metallurgical. 

Each student was given an excellent opportunity to 
study a career field of interest by participating in the 
activhies pertinent to that field. The students in field 
archeology, for example, participated in the excavation of 
an abandoned copper mine site. These students were 
transported to the mine site each day, to work with 
university students and faculty at designated locations and 
plots* In addition to field work, the students did literary 
research to help identify the artifacts uncovered during 
their excavations. 

The response to the program was extremely 
encouraging. Over 500 students (for about 650 
student-weeks) participated in the program - the initial 
projection was 250 students and 400 student-weeks. In 
addition to the unexpectedly high enrollment, the 
students exhibited great enthusiasm for the career 
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explorations by active participation and complimentary 
evaluations. A great majority of the students indicated a 
willingness to recommend next year's program to friends 
(about 92%). 

The successful completion of SYP during the summer 
of 1973 has encouraged MTU to increase both the number 
and depth of the career explorations. Students will have 
an opportunity to study more fields of science and 
engineering, in more detail. 

K-2 DO YOU HAVE AN OPEN CLASSROOM? A WAY 
OF FINDING our 

John Barry Bath, Graduate Assistant, Syracuse 
University, Syracuse, New York, and Robert Vargo, 
Junior High School Teacher and Doctoral Candidate, 
Liverpool High School, Liverpool, New York 

The Classroom Openness Scale (COS) has been 
devised to determine where a classroom is functioning as 
measured along a formal-informal continuum. Pertinent 
observations are made on pupil activities over a specific 
time period. In contrast to other instruments in the area 
of open-education, the COS is very objective with high 
intra-observer correlations. (.92-.98) The observational 
data can be analysed by computer or more simply by 
classroom activity profiles. 

The cos is useful for researchers, for teachers 
striving for openness, and for administrators who think 
that they have open classrooms within their school. The 
cos only classifies the classroom. It cannot evaluate. No 
value judgments are made as to teacher quality. 

Data show some of the uses of the COS. Attempts 
are made to show the differences between the profiles of 
formal versus informal classrooms. Profiles of typical 
elementary classrooms are compared to secondary school 
and college classroom profiles. Comparisons are also made 
between and among subject areas. 

K-3 MINICOURSE DEVELOPMENT AT JAMES MADI- 
SON MEMORIAL HIGH SCHOOL 1968-74 

LcRoy Lee, Science Department Chairman, James 
Madison Memorial High School, Madison, Wisconsin 

James Madison Memorial High School initiated a 
program of short courses for students in 1968. These four- 
to nine-week courses, later to be called minicourses, were 
offered to supplement existing science courses and were 
taken by students during their unscheduled time. 

The formative years of the short course program 
presented the staff with the problems most such 
minicourses face, i.e., lack of teacher-student 
identification, difficulty in providing courses to meet the 
needs of a variety of students, scheduling, community 
involvement, and evaluation. Since the program was 
supplemental rather than the sole science program, many 
of the problems were easily resolved and the experimental 
period provided time to develop and to evaluate the 
program carefully. 

Based on a three-year study time a limited number of 
minicourses were introduced within the existing Biology 
11 course. Students could select one of three choices for 
the last nine weeks, each of which were considered to 
carry Biology H credit. The 1072-73 school year 
expanded the program to provide the Biology 11 students 
with at least four niinicoursc selections during three 



six-week periods in the second semester. Success of the 
program was indicated by verbal and written evaluation 
and more dramatically by a 60 percent increase in 
enrollment. 

With the opening of the 1973-74 school year, JMM 
initiated a mlnicourse program involving approximately 
six hundred Biology I and Biology 11 students as well as 
interdisciplinarv minicourses in earth science, physics, 
chemistry, math, and art. 

When minicourses were offered one major new 
problem JMM faced was assuring that all biology students 
would have some common background upon graduation. 
This was solved by the formation of a 12-week core 
program that consists of those behavioral objectives 
identified by the staff as being important to all high 
school graduates. All students enrolled in biology must 
complete this core program before advancing into 
minicourses. This also provides students with a base 
teacher who functions as their advisor throughout the 
year and reduces the problem of teacher-student 
identification. 

Scheduling and record keeping, always a problem, 
were alleviated by the development of easily administered 
and scored surveys, and a key-sort retrieval card system 
for all students. 

Evaluation is an ongoing process with students 
providing feedback at the end of each six-wee^ 
niinlcourse. End-of-year evaluations provide information, 
keyed to year in school and approximate grade point 
average, about course management, course structure, 
interest generated by the course, and overall 
student-teacher interaction. 

K4 MAD-MITCH MANIA 

Donald E. Mason, Physiology Instructor, and John 
M. Akey, Science Chairman and Planetarium 
Director, Mitchell High School, Colorado Springs, 
Colorado 

With the present trend of students questioning the 
ntC'J -^nd relevance of science, the science department of 
Mitchell High School in Colorado Springs, Colorado, has 
developed a slide-tape presentation explaining our science 
curriculum. The presentation was primarily developed for 
the ninth-grade students of the junior high schools feeding 
students into Mitchell. It can also be used with counselors 
of these junior highs and Mitchell to assist them in placing 
students into the science curriculum or used with adult 
groups including parents, PTA*s, etc. 

This presentation is a dichotomous saga of the Mad 
Scientist versus Mitch Scientist. The Mad Scientist depicts 
the person who feels science is a trial-and-error, 
do-your-own-thing approach to solving man's problei*is. 
Mitch Scientist takes a more systematic approach to 
science by examining all the possibilities available to him 
through the science program at Mitchell. 

The purpose of this presentation is to explain how 
one science department has attempted to improve 
communication with students and adults. 

K-5 INCREASING THE PARTICIPATION OF WOMEN 
IN SCIENCE CAREERS 

Waiter Scott Smith, Associate Dean of Women and 
Lecturer in Science Education, University of Kansas, 
Lawrence 
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Women represent less than 10 percent of all 
engineers, doctors, chemists, geologists, and other 
science*retated professionals. Despite the publicity 
focused on the women's movement, women are not 
increasingly entering science professions. This 
disproportionately low representation of women in 
scientific careers constitutes an underutilization of talents 
to which education, and particularly the science teaching 
profession, should address itself. 

Women are not entering science careers partly 
because of discrimination, but more so because they have 
not attempted to obtain the training necessary for entry 
into professional careers. In order to increase the number 
of women seeldng professional training, science teachers 
in all grades should taice affirmative action directed at 
changing the aspirations of women. 

Because of a lack of role models, women view science 
careers as "not me.** Young women are not encouraged 
toward science careers and often do not study subjects 
prerequisite to collegiate science majors. Thus, although 
women may become aware of their opportunities, they 
feel they do not possess sufficient knowledge to pursue 
their options. Finally, young women are presented with 
the problem « real or imagined, of the incompatability of 
marriage, family, and science careers. 

As we institute "hands on*' elementary science 
curricula, women should be encouraged to manipulate, 
tinker, and do all the mechanical operations which are 
often reserved for males. Women students, particularly in 
the middle grades, should be saturated through all 
instructional modes with role models of women scientists. 
More secondary school women should be encouraged into 
math and science courses. In preparing young women (and 
men) to face the career/marriage/family dilemma, they 
should be apprised of their life style alternatives which 
include remaining single, delaying marriage and/or family 
until after the completion of career preparation and entry, 
or pursuing a career through job sharing or part-time 
employment. 



GROUP L 

SCIENCE AND HUMANISM 

L-l INTERFACING SCIENTISTS AND HUMANISTS IN 
AN INTERCOLLEGE COURSE 

Katherine M. Jones. Associate Professor of Physical 
Science, University of Tulsa, Tulsa. Oklahoma 

^Toward One World** might be the theme of the 
course Science, Technology, and Society at the University 
of Tulsa. 

One World of People and One World of Knowledge. 

The "One World of People" is composed of the scientists 
engineers whose orientation is toward quantitative and 
specialized aspects of the world, and their nonscience 
oriented corrollaries. to humanists, whose aptitudes and 
training lead to different interests and activities. The 
course aims to broaden the view of the science/ 
engineering students and to develop in them an awareness 
of the far-reaching effects of their work and of society's 
capability to compel or constrain its implementation. For 
the humanists, the aim is for a greater awareness of the 
undeveloped capabilities of technology and a more realis- 



tic attitude concerning the limitations and the ''scientiflc 
flx.*^ The course is concerned with the often inadequate 
and insufficient communication between the technologists 
and humanists and also with the too common deprecia- 
tion by each of the other's thinking. The "One World of 
Knowledge** is concerned with the nature, seriousness, 
and urgency of the complex environmental and social 
problems challenging man today. It involves an apprecia- 
tion of both costs and benefits of alternative solutions to 
the problems. It is related to their feasibility, the moral 
philosophy regarding their impact, and with human be- 
havior which determines whether they will be imple- 
mented or repressed. Most important, it is aimed at foster- 
ing positive, humane attitudes toward the end that the 
earth may support a civilization in a rich ecosystem for a 
geologicailly long period of time. 

L-2 HUMANE EDUCATION: AN OLD CONCEPT WITH 
A NEW NATIONAL EMPHASIS 

Stuart R. Westerlund, Professor of Education, The 
University of Tulsa, Tulsa, Oklahoma 

From the days of the so-called **three RV* our 
educational system has become a dynamic process, geared 
toward producing better citizens as well as providing an 
adequate education in the many academic areas. It is 
recognized that young minds of elementary and high 
school students jsrovide rich fertile soil where ideas and 
attitudes - good or bad - take quick root and grow to 
enrich or impoverish the total adult personality. 
Influences and factors that will contribute to character 
development and to a balanced and mature personality are 
now recognized as fundamental in the education of 
children. 

A significant area of educational programming, 
powerful in its potential effects upon the ultimate 
character of the child, has been largely ignored or 
neglected. With few exceptions, very little is being done in 
American classrooms insofar as humane education is 
concerned, due in part to the lack of appropriate humane 
education instructional materials. 

Convinced of the need to integrate humane 
education into school curricula. The Humane Society of 
the United States - in 1964 - commissioned The George 
Washington University to conduct a study to determine 
the importance and feasibility of considering the 
development and implementation of such a program. The 
study left little doubt about the need for, and feasibility 
of, developing and implementing humane education 
programs in the nation's schools. 

The Humane Society of the United States and the 
University of Tulsa recently entered into a cooperative 
effort aimed at implementing the recommendations made 
in The George Washington University Study. This 
undertaking is known as The Humane Education 
Development and Evaluation Project (HEDEP). HEDEP 
represents the beginning of a concerted effort to 
introduce the fundamental concept of humaneness into 
already existing school curricula. 

L.3 EVOLUTION OF A HUMANE EARTH SCIENCE 
COURSE 

Florence M. Boring. Earth Science Teacher. Millard 
Letler Junior High School, Lincoln, Nebraska 
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With the realization that students !carn best when 
they discover things for themselves rather than by being 
told or by reading from a textbook, teachers became 
aware that they had permission for change. Whh the 
emergence of t^Klay's typical nonconforming and often 
nonperforming student, teachers are realizing that they 
have a mandate for cliange. They and their classrooms 
must change in order to survive. 

A teacher*s typical lesson plans have progressed at 
least from the textbook-oriented (so many pages per day) 
to the concept-oriented (so many behavioral objectives 
per week). Many teachers, discontented with the lack of 
relevance and the resulting lack of response, have reached 
the point of developing materials which students can use 
at their own rate of speed. This has solved some problems 
and created others. It has worked well with students who 
already have some ability toward self-direction coupled 
with the imagination to see some relevance in the 
materials they are using, or at least with a willingness to 
conform to expectations. This certainly does not include 
all students. 

Fortunately there is no one way to learn, and even 
within the same science class there are no specific learning 
experiences that all students must have. Some very fme 
programs have been developed for earth science which 
allow a student to progress at his own rate. Some make 
the additional provision of permitting students to decide 
for themselves at least a part of what they will learn and 
what methods they will employ. In my earth science class 
I am using materials, methods, and experiments from a 
number of these programs to organize a curriculum where 
students progress at their own rate, choose from an 
increasing number of options, and fulfill a science 
requirement by making their own selections from 
nine-week minicourses. 



GROUP M 

LEARNING AND COGNITIVE DEVELOPMENT 

M-1 AN INQUIRY INTO THE PHENOMENON OF 
UNDERSTANDING ABSTRACT CONCEPTS WITH 
APPLICATION TO CLASSROOM INSTRUCTION 

Nasrine Adibe. Associate Professor, Graduate School 
of Education, Long Island University, Grecnvale, 
New York 

Since Reisman first described the learning problems 
of the disadvantaged child as an inability to deal with 
abstract concepts, the terms "abstraction*' and **abstract 
concepts** have come into prominence in educational 
circles. Yet a satisfactory definition of the terms and 
research findings on the topic, and guidelines to facilitate 
the tacit understanding of such concepts are not available 
to teachers. 

This paper reports on a study tliat has exploded the 
phenomenon of understanding abstract concepts, and has 
attempted to formulate a workable definition of abstract 
concepts: to delineate the mental processes involved in 
abstraction: to develop criteria for assessing the 
congruency of abstract concepts with learning cognitive 
level; to create instruments to evaluate understanding by 
learners; to identify, select, and develop strategies that can 



be used by science teachers to facilitate the understanding 
of such concepts. 

Findings of this exploratory study are relevant to 
educational planning, structuring and sequencing subject 
matter in the curriculum, and assessing learning outcomes 
and procedures used in science instruction. 

It is hoped that this inquiry and its findings and 
exploration of many of the variables that influence 
meaningful learning in science will generate significant 
questions for further research. 

M.2 CONCEPTUAL COGNITIVE SCIENCE 
EDUCATION THROUGH READINESS 
EXPERIENCE FOCUSED ELEMENTARY 
PROGRAMS 

Dorothy Alfke, Associate Professor of Science 
Education, The Pennsylvania State University, 
University Park 

The writer believes that a most critical aspect of 
conceptual learning in science, termed by the old- 
fashioned rubric as readiness experiences, is grossly 
neglected. Although the idea of readiness is incorporated 
into the national elementary science programs, users of 
the programs do not seem to be aware of its importance. 

Elementary school years, particularly primary, are a 
time for rich, exploratory, childlike investigation. 
Learning outcomes of such investigations should be 
determined by what children can observe and 
communicate in their own way. A constructive spirit of 
the tentativeness of interpretations and explanations 
should pervade, with the use of planned experiences 
which lead children to re-examine ideas as they encounter 
new evidence. Children should not be forced to make big 
leaps from one or two narrow experiences to broad 
sophisticated generalizations. Rather, elementary science 
should provide some of the bits and pieces which will 
equip them with a meaningful experiential background for 
junior and senior higli school where learning can become 
integrated into sound broad concepts. 

Examples of the readiness idea are abundant. A 
primary child readily learns to respond, "on cue,** with 
the phrase **air pressure.** But place most students, even 
juniors in a teacher education curriculum, in a situation 
involving interpretation or application of conceptual 
understanding of air pressure and the weakness of the 
foundation is discouragingly apparent. A rich background 
of meaningful experiences related to air pushing, balanced 
and unbalanced air mass forces, and, in fact, related to the 
reality of air itself, is essential to dealing with the complex 
idea of air pressure. The elementary program can and 
should provide such experiences (probably without the 
imposition of the term itself before fifth grade). 

Readiness experience focused elementary science is 
in harmony with the work of such men asPiaget, Bruner, 
and Bloom. 



M-3 PIAGETIAN CONSERVATION ACTrVITIES: 
SOME QUESTIONS 

Cecilia E. Grob, Third Grade Teacher, Airport 
Elementary School, Berkeley, Missouri 

This paper describes an investigation concerned with 
children's acquisition of Piaget*s conservation concepts. 
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also presenting several questions related to conservation 
activities in the elementary classroom. 

The investigation was implemented to determine the 
etYects of conservation activities on children's acquisition 
of Piaget*s conservation concepts. One hundred 
•twenty eiglit seven- to nine*yearK)ld children in four 
classrooms were given a pre*evaluation measure of 
conservation ability. The experimental group of children 
then completed a set of 42 self-directed conservation 
activities over a five-month period during the 1972»1973 
school year. All the children in the study were given a 
post-evaluation measure of conservation ability. No 
significant differences in mean conservation scores were 
found between the experimental and control groups. 
Several variables weie tested for interaction effects on the 
children's consen atlon ability. Age was found to interact 
with group status to affect conservation scores. 
Achievement scores and l.Q, scores were found to be 
significantly related to the children's conservation scores 
on the post-evaluation measure. Sex, race, and 
socioeconomic status were not found to be significant 
factors relating to conservation scores. Further research 
was recommended in order to study the effects of 
conservation activities on children's conservation ability 
and on other education-related variables. 

Several questions were raised from analysis of the 
investigation results. The questions were related to: the 
effectiveness of conservation activities Included In an 
elementary classroom; the timing of conservation 
experiences; the effectiveness of lie measure of 
conservation ability developed for the investigation; the 
role of several education-related variables In conservation 
acquisition; and, the relevance of the total classroom 
situation to children's conservation acquisition. The 
purpose of this presentation is to generate additional 
questions related to needed research on application of 
Piaget's theory to the elementary classroom. 

M-4 THE ROLE OF PIAGET'S EQUILIBRIUM MODEL 
IN SCIENCE EDUCATION 

Edward Lablnowlch, Assistant Professor of 
Education, California State University at Northrldge 

Recent writings In education have resulted In 
Increasing reference to Plaget's theory of cognitive 
development as a basis for discovery learning and as a 
cognitive justification for an open classroom environment. 
Although considerable evidence has been gathered to 
confirm the existence of sequential stages of children's 
thinking, there is a general absence of evidence for his 
equilibration (assimilation-accommodation) model for 
learning. This paper clarifies Plaget's equilibration model 
through relating the works of Berlyne, Festinger, 
Charleston, and others to Plaget's model. 



GROUP N 

COLLEGE SCIENCE TEACHING 

N-1 ROLE OF HISTORY OF SCIENCE IN SCIENCE 
COURSES 

Sheldon J. KopperK Coordinator, History of Science 
Program, College Landing, Allendale, Michigan 

No abstract submitted. 



N-2 TEACHING SCIENCE FROM A PHILOSOPHICAL 
BASIS 

Leo Schubert, Chairman of Chemistry Department, 
The American University, Washington, D.C. 

Courses in science, and surely chemistry, tend to be 
oriented to scientific concepts and facts. We generally 
Ignore a consistent educational approach in teaching the 
material. What is perhaps a more subtle problem is that we 
are unaware of the philosopiiical basis upon which science 
is constructed. The teaching of science is part of the 
educational spectrum and these considerations must not 
be ignored. Specific examples such as existentialism, and 
the major educational theories are discussed. 

N.3 RELEVANCY AND THE NON*SCIENCE MAJOR 

Mary E. Lynch, Assistant Professor of Biology, 
Manhattan College, Bronx, New York 

Biology - the science of life - as applied to the 
living world and mankind is of value to the nonmajor. It is 
the Interdisciplinary nature of biology that is to be 
stressed if biology is to have relevancy. 

Depending on subject area requirements within the 
school, a biology course can be adapted to a variety of 
student needs and interests. The course must have a solid 
foundation In the fundamentals of biology - cell theory, 
systems, cell chemistry, interactions within the biosphere, 
the role of man in nature. Relevancy must have a firm 
basis in the principles of biology. 

There are many ways to achieve relevancy. Active 
participation by the student is the key. Seminar sessions 
dealing with topics of present and future Interest for 
mankind are a means of achieving relevancy. Technology 
assessment can be Introduced as a process, as a technique 
for studying societal needs, and as a means for evaluating 
alternatives to present and future problems. Students can 
be given the opportunity of relating biology to real-world 
situations. 

In addition, field trips are of value if they are not 
stereotyped and repetitious. Media usage by students adds 
interests, provokes student imagination, and allows 
Individual expression through media other than print. 
Film, slides, tapes, video, free-hand art - all can be used 
on field trips. Students can explore animal behavior, 
animal coloration, or any biological theme. Urban ecology 
problems can be expressed through communications 
media. Students are encouraged to become Involved In 
biology. They must see, do, and think. They must be 
encouraged to express themselves In a variety of ways. 

In short, relevancy Is achieved by relating biology to 
life and to the future of mankind. 

M-5 PIAGETIAN TASK ANALYSIS - A PRACTICAL 
MEANS OF ASSESSING INTELLECTUAL 
DEVELOPMENT IN HIGH SCHOOL AND 
COLLEGE BIOLOGY COURSES? 

Floyd H. Nordland, Assistant Professor, Biological 
Sciences, Purdue University, Lafayette, Indiana 

Plaget's theory of Intellectual development has 
received considerable attention and has been recently used 
as a basis for the development of elementary science 
materials such as the Science Curriculum improvement 
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Study. It is generally assumed that once a student has 
advanced beyond 14- IS years of age that he has arrived at 

the stage of formal operations. Therefore, most high 
school science curricula and all university curricular 
materials are developed on the assumption that the 
students being taught are fully capable of thought 
processes characteri2ed by the stage of formal operations. 

Recently the work of Renner, Karplus, and others 
has questioned this assumption, Renner, et aK have 
administered five Piagetian tasks designed to determine 
the stage of intellectual development of a student 
population. By assigning numbers to these tasks it has 
been possible to characterize what proportion of a class is 
fully formal, transitional, or concrete. Once this is 
established it has been possible to compare mean scores as 
a way of assessing the increase in intellectual development 
associated with inquiry teaching as compared to more 
conventional instruction. 

Another form of analysis is to assess course 
assignments in terms of appropriateness as related to 
Piagetian task analysis. If SO percent of a group is 
designated as being formal, then an assignment requiring 
formal thought processes should be completed 
satisfactorily by 50 percent of the group. 

This paper reports on a battery of tasks appropriate 
for high school and college students; results of Piagetian 
task analysis of selected populations representing middle 
school, high school, and college students; and an analysis 
of course assignments in relation to Piagetian testing. 



N4 STRATEGIES FOR SCIENTIFIC LITERACY IN 
UNDERGRADUATE EDUCATION 

Joy S. Lindbeck. Associate Professor, College of 
Education, University of Akron, Akron, Ohio 

Most college and university undergraduate programs 
require a core of science courses as a basis for scientific 
literacy for nonscience and nonengineering majors. The 
undergraduate science requirement it a Midwestern urban 
university is frequently met by scheduling three of the 
following televised natural science courses: biology, 
geology, physics, and chemistry. To determine the 
effectiveness of the program and to explore reactions to 
alternative programs* the senior seminar students in the 
spring quarter and in both summer sessions of 1972 were 
surveyed by questionnaire. Of 312 questionnaires 
returned, 20! (the total sample) indicated that one or 
more natural science courses had been taken. 

The most frequently scheduled natural science course 
was biology, followed by geology, physics, and chemistry. 
Except for biology, the frequency pattern for natural 
science course selection was in contrast to that of high 
school. 

The student level of understanding of scientific 
developments reported via newspapers, TV, and magazines 
in the field of the natural science course completed was 
rated. Forty percent of the respondents indicated 
improved understanding in their respective fields after 
completing biology and geology, and 20 percent indicated 
improved understanding in physics and chemistry. Interest 
developed by natural science courses encouraged from 6 
percent of the biology students to choose a second 
biology course to 2 percent of the chemistry students to 
choose a second chemistry course. A higher percentage of 
respondents indicated that they would have taken another 



science, schedules permitting, ranging from 30 percent in 
bioioAy to 13 percent in physics. 

The most frequently suggested improvements 
included live lecture with smaller sections, lab programs 
and/or field trips, small discussion groups and more 
d e m o n s t r a t i ons. The presentat ion of a u nif ied , 
three-quarter science course siiould be explored as an 
alternative program in view of the 31 percent ''yes" 
response and the 28 percent ''uncertain'' response on this 
suggestion, A multiplicity of options to complete the 
undergraduate science requirement should be 
incorporated to meet the varying preferences as indicated 
by the 34 percent response to televised natural science, 
the 41 percent response to courses in the science depart* 
ment, and the 25 percent response combination of both, 
if students could reschedule the science requirements. 



ti S ENVIRONMENTAL MAZE: A MODEL FOR 
ACADEMIC CHANGE 

William B. Mcllwaine, Professor, Millersville State 
College, Millersville, Pennsylvania 

Educational literature contains scores of statements 
reflecting dissatisfaction and disenchantment with higher 
education. College programs with their self-contained 
inertia resist fundamental changes, long-standing programs 
are rarely eliminated, the student as an individual learner 
is ignored, and educational goals are rarely questioned. 

As a result, many students find their introduction to 
college a frustrating experience* They come with dimly 
perceived goals. They search in vain for meaningful 
personal associations with instructors, who represent the 
"rich and rewarding" intellectual promise of college life. 
They settle quickly into a routine of unrelated courses, 
often repetitive of content and no more vigorous and 
innovative than in recently departed high school. Soon 
their gloom deepens and they search outside the 
classroom for a meaningful college experience; meanwhile 
the faculty charge them with "copping out,'* 

Disturbed by this aura, a pilot program was 
developed which can serve as a model foi; academic 
change. 

We offered a thematic program for freshmen based 
on the relevant theme of the environment, and comprised 
of especially developed integrated, and interrelated 
courses which provided experiential learning. The program 
was all encompassing in terms of achieving goals of 
affective and cognitive development. It was a total 
semester's academic experience molded quite differently 
from the standard freshman program. Scheduling was a 
function of program design and development, not the 
college-wide master plan in the traditional pattern. 

Results exceeded all expectations. Businesses and 
government agencies provided compcteni resource 
personnel. Varieties of field experiences stimulated the 
freshmen to dialogue and action not evoked from their 
predecessors. Faculty participated in each other's classes, 
and debated issues freely with colleagues and students. 
Problem-oriented assignments allowed the individual 
student to exhibit his level of competency for evaluation. 
Student reaction was overwhelmingly favorable, deter- 
mined by evaluative interviews and instruments developed 
and administered by a non-participating colleague (Direc- 
tor of Educational Research). 
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GROUP 0 

SCIENCE FOR THE UNIN VOLVED 

0-1 SCIENCE FOR THE UNINVOLVED: A 
SELF-PACED. INDIVIDUALIZED. INSERVICE 
TRAINING PACKAGE FOR US TEACHERS 

LaMoinc L, Motz, Director of Science tJucation, 
Oakland Schools, Pontiac, Micliigaii 



With the impleinentatioii of any new, activity- 
centered program in science, a certain amount of inservice 
time is needed for the teacher to become aware of the 
philosophy of the program, the materials, and the instrue- 
tional strategies and techniques necessary for an effective 
and enjoyable experience in teaching the program. 

The question is often asked, "Docs a teacher need 
special training to teach IIS?'' This question can be 
answered by posing two simple questions: (a) Would you 
drive a car without first learning about the new controls? 
(b) Would you involve students in a project without first 
giving ihem the necessary orientation? 

A self^paced, individualized, teacher implementation 
inservice package for IIS teachers has been designed. Most 
science teachers have a general background for teaching 
the traditional i^ollege-oriented courses, but few, if any, 
have had any instruction in how to leach the uninvolved 
students* Although the unique teacher can always teach 
the IIS program from instruction in the Teacher's Manual, 
It is highly recommended that the teachers using or 
planning to use the IIS program participate in some kind 
of an inservice development program. The purposes of this 
training program are to assist teachers in acquiring: 
L an understanding of the rationale and philosophy of 

IIS; 

2, an understanding of and experience in the teaching 
style and strategy of IIS: 

3, an understanding of how IIS is to be used in the 
classroom to motivate the educationally uninvolved 
student, and in developing empathy for the needs of 
the student: 

4, a better orientation to the content, process, social 
relevance, and personal relevance of IIS. 



0-2 INVOLVING THE UNINVOLVED 

Anna A. NeaL Coordinator of Science, Fayette 
County Public Schools, Department of Instructional 
Services. Lexington, Kentucky 

Administrators who prefer to spend most of their 
time in the office playing up to their bosses, perusing 
research, and sending out volumes of reading material to 
teachers and principals can expect little or no change in 
teacher attitudes toward student involvement in the 
learning process. If we expect teachers to be concerned, 
understanding, enthusiastic, ami loving in the classroom, 
then we must exhibit these same characteristics with 
teachers. We must get to know them as individuals and let 
them know us. If we expect principals to be 
understanding and to reinforce teachers, then we must use 
these qualities with them. If we expect those who 
establish budget priorities to uphold the role of science in 



the total curriculum, then wo must bo awuro and 
contidorate of alt otiwr curriculum areas. 

We can begin bv fertiii/ing the seeds of discontent, 
Tliese seeds are not difficult to find. Teachers will discuss 
openly tlieir problems with the "duntb^bunnies" in their 
classes. Sympathize, offer help« discuss with tiiese people 
possible alternatives to what they are now doing in the 
classroom and then determine together the kinds of 
materials that would add zest to the program. Finally, 
identity tlmse teacliers wlio have responded positively and 
provide them with the needed materials. Tliese teacliers 
sell the program to tlieir peers. Hnthusiasm is contagious. 
If the same steps outlined above are followed in working 
with principals, iniplementation of the program can be 
assured, 

A model for implementation has been developed in 
Fayette County Public Schools, Lexmgton, Kentucky. It 
is working, Teaclier attitudes are changing and students 
are being "turned on** by their activity-oriented science 
classes. 



0-3 WINNERS AND LOSERS 

Gerald Skoog. Associate Professor of Curriculum and 
Instruction, Texas Tech University, Lubbock 

American schools traditionally have served as tools of 
selection to separate the "winners'* from the "losers." A 
hidden curriculum based on WASP values plus endless 
achievement tests and teacher-made examinations have 
been the chief mechanisms of selection and elimination. 
Those with the desired competencies became the 
"winners" while those lacking in the competencies were 
labeled the "losers," 

Today, this model of education is outmoded and 
must be replaced. In a society that demands universal 
education, a system geared to eliminate many is obsolete. 

Traditionally, academic achievement has been linked 
with economic output. Economic output has been 
correlated with success. However, Jencks in Inequality 
concludes that cognitive skill and educational attainment 
explain very little of the variation in men's income. He 
speculates that "luck has at least as much effect as 
competency on income." and competency in most cases 
seems '*to depend more on personality than on technical 
skills." 

While the validity of Jencks' argument is being 
debated, youth continue to reject academic achievement 
and materialistic gains as indicators of success in school 
and life. Many youth in our society today agree with 
James and Jongeward in Born to Wn who differentiate 
between "winners" and 'Mosers" on the basis of 
authenticity rather than achievement. To them a winner is 
not "one who beats the other guy by winning over him 
and making him lose" but one "who responds 
authentically by being credible, trustwortiiy, responsive, 
and genuine." Thus the shift is to accepting a person on 
the basis of his "interiority" rather than as a 
representative of some category of completer of some 
task. 

The classification model of education must be 
replaced by an afTirniative model where personal 
development is stressed and authenticity nurtured. 
Despite much opposition by the onmipotent and 
omnivorous programmers, much research and 
philosophical support exist to validate such a model. 
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04 ENRICHMENT ACTIVITIES FOR IIS 

Lynda Ann Smitli, Science Teacher; and General 
Science Instructors, Thornwood High School, South 
Holland, Illinois 

A lS«minute slide/tape narration shows enrichment 
activities for IIS at Thornwood High School. The 
presentation includes descriptions of: 
L The use of bulletin boards as an addition to the 

learning experience ; 
2. The decoration of the learning environment as a 

booster to student self concepts and as a means of 

emphasising good working habits; 
3« A supplemental text of activities for IIS, compiled by 

school staff, and designed to provide additional 

materials for over-achievers and ' additional drill 

materials for the entire class; 
4« Guidelines for making use of ""student-aids** in 

laboratory set-ups and stock-room coordination 

including qualifications, duties, and responsibilities. 



GROUP P 

SIMULATION GAMES IN SCIENCE 
EDUCATION (K-12) 

P-1 SIMULATION GAMES AS A LEARNING 
ALTERNATIVE: TOWARD AN ACTIVE 
LEARNING ENVIRONMENT 

John A« Masla, Associate Dean, College of Education, 
Ohio University, Athens 

Traditionally, students at the elementary and 
secondary levels have for the most part been engaged in 
passive learning environments - one in which the learner 
assimilates knowledge as a result of being given 
information verbally or through the reading process. In 
science education, we have attempted to become more 
"action-oriented*' through the laboratory or demon- 
stration approach, throu^ inquiry, and through problem- 
solving* 

Simulation games represent a technique for learning 
which offers the student total and active involvement. 
Involvement takes place with a variety of realia» stimulus, 
and motivational competition. Learning takes place as a 
result of the process of gaming rather than as a result of 
listening, preparing for a test, memorizing, and other 
forms of passivity. Simulation games take advantage of 
having fun while learning, a concept which has been 
noticeably absent from the traditional classroom. 

There is no real doubt as to the relevance of 
simulation games to today*s classrooms* Simulation games 
provide a multivaried conceptual approach to learning, 
utilizing several learning principles such as reinforcement, 
feedback, exposition, and practical application* 
Simulation games, provide the student with: 
1. Practice - by performing "on the job*' tasks during 

the simulation game: 
2* Self pacing - time limitations are varied with the 

interests of the learner; 
3. Assessment - buiK in as part of the game, provides 

student with self-evaluation; 



4, Monitoring - opportunity for instructor to serve as 

observer and facilitator; 
5* Peer instruction - students learn from each other 

through the content and process of the game; and 
6, Remediation - games are replayed, reinforcement is 

continuous. 



P-2 GUIDELINES FOR THE CREATIOi OF HOME 
AND SCHOOL GAMES FOR SCIENCE 

Lester C. Mills, Professor of Education, Ohio 
University, Athens 

The inventor of games and toys for use in schools 
may easily lose sight of the user*s point of view. The 
educational goals and objectives which are of deep 
concern to the developer may obscure the game and play 
aspects of the activity. Several such criteria are presented 
for those interested in developing educational games and 
toys in science, 

P-3 MANUFACTURING, MARKETING AND 
PROMOTING EDUCATIONAL GAMES 

Robert E, Cooley, President, Union Printing 
Company, Athens, Ohio 

No abstract submitted. 



P4 REVIEW OF CURRENT SCIENCE SIMULATION 
GAMES 

Jerry D, Wilson, Department of Physics, Ohio 
University, Athens 

A large group of game buffs has developed in our 
society. As a mini-national pastime, games are played by 
people of all ages. Educators and teachers, particularly 
those of science who are always alert for new teaching 
methods have begun to capitalize on this means of 
communication in an effort to make learning a more 
pleasant experience, even fun. Although the effectiveness 
may be debated, educational games do introduce and 
make familiar, topics which mi^t otherwise be avoided 
completely. 

Within the last few years several scientific simulation 
games have been marketed and several others described in 
I'cerature, Some of these are described and their teaching 
vjt.cctiveness examined. 



GROUP Q 

COLLEGE SCIENCE TEACHING 

Q-1 IMPROVING PROCESS SKILL COMPETENCY 
AMONG COLLEGE NONSCIENCE MAJORS BY 
USING SCIENCE - A PROCESS APPROACH 
MATERIALS 

Mary M. Pohlmann, Graduate Fellow, Department of 
Secondary Education, and A. J. Pappelis, Professor, 
Department of Botany, Southern Illinois University, 
Carbondale 
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'interdisciplinary Science - A Process Approach'* is 
an 11 'Week, 4-quarter'hour course developed at Southern 
Illinois University, Carbondale, intended for 
undergraduate nonscience majors. The purpose of this 
course is to develop the basic and integrative science 
process skills required for scientific inquiry common to all 
areas of human endeavor as well as within the realm of the 
scientiflc disciplines. This course is based on the AAAS 
(American Association for the Advancement of Science) 
K-6 science curriculum, Science^A Process A pproack One 
section of this course has been offered for each of the past 
three quarters with a total of 60 students having now 
completed the course. At the outset of the course, the 
students were pretested to determine their entry level 
competency in science process skills. A 96<item 
instrument, The Test of Science Processes, developed by 
Robert S. Tannenbaum at Teachers College, Columbia 
University, was used for this pretest. The test is composed 
of eight subtests designed to measure eight different 
science process skills: observing, comparing, classifying, 
quantifying, measuring, experimenting, inferring, and 
predicting. This same test was administered as a post-test 
upon completion of the course. A groups<by-trials analysis 
of variance was used to determine whether there were 
significant gains between pre-test and post-test. Significant 
gains were indicated in total test score for all three 
quarters in which the course was offered (F = 20.65: d.f. 
1,57, p < 0.001). Specifically, increases were greatest on 
the subtests of measuring (F = 15.86, d.f. 1,57, p < 
0.001), classifying (F « 5.56, d.f. 1,57, p < 0.01), 
inferring (F = 4.74, d.f. 1,57, p < 0.05), and 
experimenting (F = 3.84, d.f. 1 ,57, p <0.05). 



Q-2 TECHNOLOGY ^ PEOPLE - ENVIRONMENT: AN 
ACTIVITY-CENTERED INTERDISCIPLINARY 
PROGRAM FOR THE ACADEMICALLY 
UNSUCCESSFUL 

Thomas T. Liao, Associate Director, Engineering 
Concepts Curriculum Project, College of Engineering, 
State University of New York, Stony Brook 

"The Man-Made World'' (TMMW) course, developed 
by the Engineering Concepts Curriculum Project (ECCP), 
is intended for average college bound high school students 
who are not choosing careers in science or engineering. 
Unfortunately, many high school itudents have not had 
the academic success of the above-mentioned students, 
who in general are good at learning via written materials. 
Non-academic students typically are students who are 
poor readers with little mathematical ability. 

Many teachers of TMMW feel that all high school 
students should be given the opportunity of learning 
about the characteristics, capabilities, limitations, and 
impact of modern technology. The fact that students have 
poor reading and mathematical skills does not necessarily 
prevent them from developing technological literacy. The 
basic philosophy of the activities approach to TMMW is 
that academically unsuccessful students can develop an 
understanding of the many dimensions of modern 
technology; provided that they are involved in activities 
which are fun and do not depend heavily on ti.e written 
word and abstract mathematics. 

Two of the more important educational priorities in 
this age of rapid social and technological change arc: 
1. Development of strategies for making it possible for 



disadvantaged and unmotivated students to succeed 
at learning; 

2. Development of a technologically literate public, 
members of which understand the nature, 
characteristics, and limitations as well as capabilities 
of modern technology and how this rapidly chan^ng 
• technology impacts on their lives. 

With the previously stated priorities in mind, this 

activities approach to The Man-Made World has been 

organized as a series of minicourses for secondary schools. 

These minicourses can be taught independently of each 

other, or organized into a complete course. 

The following sequence is recommended when the 

minicourses are organized into a complete course. 

Introductory Activities 

1. Technology ^People 

2. Human User Technology - Job 

3. Technology Society 

4. Technology •^--^ Environment 

5. Quality of Life 

6. Man as a Consumer 

7. Communication Man ^ Man ^ Machine ^ Machine 

8. Thinking? Machines 



Q«3 HUMAN GENETICS AND SOCIETAL PROBLEMS 

Pauline Gratz, Professor of Human Ecology, Duke 
University Medical Center, Durham, North Carolina 

Recent achievements in modern genetics threaten or 
promise to give man the ability to modify or control his 
own genetic future according to his own design. Such 
forecasts as the preselection of a child's sex, sperm banks, 
harboring the sperm of prominent persons, cloning 
(replication of individuals), and transduction (incorpora- 
tion of foreign DNA into the host chromosome) raise pro* 
found ethical questions. 

Through attendance at a AAAS-NSF Chattaqua 
course in 1972-73 under the direction of Peter Volpe of 
Tulane, a questionnaire was drafted to ascertain the 
attitudes of students enrolled in a human ecology course 
offered in the school of nursing. The questionnaire 
attempted to determine attitudes pertaining to the social 
and ethical dilemmas created by genetic advances. The 
questionnaire was drafted during the November session in 
1972 and tested for validity and reliability in February 
1973. During the second meeting with Volpe the 
questionnaire was revised. 

The revised questionnaire will serve as a focal point 
for a second study under a Duke Regular Grant which will 
explore changes in attitudes before and after a thorough 
exploration of the theoretical and practical possibilities of 
genetic engineering. 

A course in human genetics and societal problems 
will be offered this fall. Appreciable attention will be 
given in the course to the current state of research on 
birth d efects, biochemical disorders, the human 
chromosome complement, and malformations resulting 
from mishaps in the chromosomes. Topics such as the 
detection of heterozygous carriers of genetic disorders, 
genetic counseling, prenatal diagnosis of genetic defects 
by amniocentesis, and therapeutic abortion will claim high 
priority. 

Students will be requested to respond to the 
questionnaire prior to learning the content and 
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immediately after the content has been learned* It is 
hoped that the study will provide data to indicate that 
students have recognized that the problems of life and 
living require an integration of knowledge before 
"decision making" can be achieved. 

Q-4 THE ROLE OF FUTURES RESEARCH IN 
PRECOLLEGE SCIENCE EDUCATION 

Christopher J, Dede, Assistant Professor, School of 
Education, University of Massachusetts, Amherst 

As science educators increasingly emphasize "science 
for citizens/* the methodologies and findings of futures 
research will become important in precollege science 
instruction. In learning the strengths and weaknesses of 
technology-projecting tools such as the cross-impact 
matrix, the Delphi, and FAR, students can better evaluate 
the validity of current warnings on the drug crisis, the 
population explosion, ecological catastrophes, and so on. 
Moreover, much of the individual powerlessness within 
our society students feel can be alleviated by involving 
them in making their own forecasts of how science will 
evolve in the next 30 years, and how these evolutions can 
be shaped by citizens. Finally, by examining the major 
schools of thought in futures research, science educators 
can assess the scope and sequence of science/society 
materials that will need to be included in pre-college 
curricula in the next several decades. 

This presentation focuses on the major alternative 
forecasts which have been made for the United States in 
the year 2000, with particular emphasis on the 
interactions among science, technology, and society 
contained in these forecasts. Using these projections as 
background: 

1. Classroom process techniques which can be used to 
involve students in the future of science are 
elucidated, 

2. Teaching strategies which help students understand 
how technology projections are made are discussed, 
and 

3. Current trends towards a science/society focus in 
pre-packaged science curricula are evaluated. 



GROUP R 

AREAS FOR SPECIAL CONSIDERATION 

R-1 AN ADAPTATION OF A SCIENTIFIC WORK FOR 
CLASSROOM USE 

Robert K. Lewis, Science Teacher, Springer Junior 
Higli SchooL Dover, Delaware 

The object of this project was to adapt for use in the 
junior high school earth science classes in the State of 
Delaware, the technical manual, "The Geology of 
Delaware*s Coastal Environments/* by John C. Kraft, 
Chairman, Department of Geology, University of 
Delaware. 

After a survey of the needs of earth science teachers 
in Delaware, Ruth Cornell stated that Delaware teachers 
needed lessons that could be presented to students dealing 
with Delaware geology. Kraft*s manual was chosen as a 
means to provide this material. 



Twelve lessons were*developed from the manual. The 
material was organized to be taught either as a two-week 
unit or as distinct lessons presented in conjunction with 
the regular earth science curriculum, Lessons emphasize 
student involvement in an investigative approach, 

Upon completion of the teachers' manual, a 
twenty-hour, ten-week course was developed, The first 
hour of each class was devoted to background material 
concerning the subject area. The second hour the teachers 
participated in the various activities designed for the 
students, Graduate students of the University of Delaware 
were selected to present the background material to the 
teachers. Each graduate person presented material in their 
own field of research. The presentations were taped. 

Self-tutorial lessons were developed from the tapes 
and audiovisual materials used during the presentations. 
The tutorial lessons are available in the Del-Mod Resource 
Centers to teachers preparing to use the materials 
developed for the project, 

R-2 PROTOCOL FOR A SCIENCE INSTRUMENTA- 
TION RESOURCE CENTER 

Ledi Lantis, Del Mod Component Coordinator, 
Department of Public Instruction, Dover, Delaware 

For years science teachers and chief school officers in 
Delaware expressed concern that science classroom 
equipment was gathering dust for lack of repair. As such 
repairs tend to be costly, time consuming, or both, it has 
often been simpler to reorder equipment than to repair it. 
Because such resources have been standing in dark or 
hidden places laboratory oriented programs have been 
crippled or have been continued at a greater cost than 
necessary. 

Responding to statewide concern, Charlotte H, 
Purnell, Director of the Del Mod System, instituted a 
survey to determine the extent of the problem. It was so 
great that she was able to convince the Stated council of 
college presidents of the need for action. A private 
Delaware foundation agreed to fund a science instrument 
repair center at the Stanton Campus of Delaware 
Technical and Community College. The paper covers ways 
and means which the center is able to provide public and 
private schools whh service for only the cost of the parts. 
It outlines the special occupations program under which a 
small number of students intern to provide needed repairs 
while learning instrumentation and the repair of AV 
hardware. 

While it is too early to assess the full impact of the 
program, planners do anticipate that the taxpayer will be 
saved money through elimination of duplicate purchases 
or costly repairs; pupils will benefit from laboratory 
oriented classe- which will function because required 
equipment is available, 

R-3 SCIENCE/MATH RESOURCE CENTER: WHAT 
MAKES IT GO? 

Ellie Sloan, Technician, Science/Math Resource 
Center, Dover, Delaware 

Because the baseline data from which the Del Mod 
System evolved indicated that teachers, especially in the 
middle schools, needed help with resources and teaching 
ideas, resource centers in each of the three counties were 
set up to meet these needs. The paper outlines the services 
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of the Del Tech location which differs somewhat from the 
others. 

Among its features are a one*page newsletter, idea 
tiles, community resource lists, and its functioning as a 
focal point for the field agent and science education 
technician programs. 

This paper also gives examples of the impact of the 
resource center on the science and math education 
community through examples of teachqr enthusiasm and 
increased effectiveness in the classroom from 
science/math resource center exposure. 

R4 THE FUNCTION OF THE DUPONT FELLOW 

Peter M. Shannon, Del Mod Field Agent, Dover, 
Delaware 

Based on the success of the tleld agent program, the 
DuPont Fellow has been established to release a 
mathematics and a science teacher for one year from their 
district to act as field agents. They are assigned to specific 
districts and perform on-the-job training with aid for 
classroom teachers. This program gives the released 
teacher an opportunity to develop leadership, become 
more aware of programs in other districts, and try out 
some new ideas. The Del Mod System is able to provide a 
resource person to the schools who can have rapport with 
the teachers and serve as a field agent. The districts would 
benefit from the input of the DuPont Fellow, and when 
the Fellow returns to his regular assignment at the end of 
his field agent year, the district gains a person cognizant 
of many mathematics programs and ideas and is capable 
of carrying out inservice programs in the home district. 

This program provides the leadership to improve the 
mathematics competencies of Delaware mathematics 
teachers and to offer inservice training on evolving 
mathematics programs, materials, and techniques. 

R-S SCIENCE EDUCATION TECHNOLOGY: A FACET 
OF THE DEL MOD SYSTEM 

Mary Stein. Director, Science Education Technician 
Program, Department of Public instruction, Dover, 
Delaware 

Some science teachers in Delaware are feeling the 
exhilaration of implementing a hands-on science program 
with the assistance of a trained technician handling the 
non-teaching tasks. Technicians were trained in rationale, 
philosophy, design, and implementation in a pilot 
program originating at Delaware Technical and 
Community College. Much attention is directed to the 
advantages of the pilot program for teachers and students, 
teacher-pupil attitudinal changes, and acceptance of the 
technicians in the school system, as well as the problems 
still facing this program. An outline of the actual 
presentation follows. 

Science Education Technology: A Facet of the Del Mod 
System 

I. What is a Science Education Technician? 

A. Rationale 

1. Community College Philosophy 

2. Hands-on Internship 

B. Design 

1 . Advisory Committee 

2. Curriculum Committee 



II. Successes of Science Education Technician 

A. Acceptance 

1. School Administration Acceptance of 
interns 

2. jfteachex Acceptance of this New Assistance 

3. # Advantages to Schools and Students 

B. Teacher Attitudinal Changes 

C. New Career Model for Delaware Students 

D. Student Attitudinal Changes 

E. Economics Wrought by Science Education 
Technician 

1. Savings 

2. Costs 

3. Return on Science Education Investment 

III. Problems of Science Education Technician 



GROUPS 

SPECIAL AREAS FOR CONSIDERATION 
(K*12) 



S-1 FACTS OR FANCY: WE TEACH WHAT WE HAVE 
LEARNED 

Mario lona. Professor of Physics, Department of 
Physics and Astronomy, University of Denver, 
Denver, Colorado 

From the frequent occurrence of the same erroneous 
concepts in elementary science textbooks it appears that 
there is a well-established body of erroneous information 
being propagated from generation to generation. This 
illustrates (a) the limited understanding many science 
book writers have, (b) the uncritica' way in which the 
material is treated, and (c) the possibility that people 
learn from the material from which they study. Wouldn't 
teaching efforts be more successful if meaningful material 
were presented? The fact that many traditional errors can 
be found in instructional material does not preclude the 
possibility for imaginative writers to introduce new errors. 
It is unbelievable how successful they are. Examples of a 
variety of traditional and novel errors are discussed and 
audience response is sampled. 

S-2 SCIENCE AND THE ARTS - MYTH AND 
IMAGINATION IN THE SCIENCE CLASS 

Joseph C. Ciparick, Science Teacher, Manhasset 
Junior High School, Manhasset, New York 

There is a greater need today to show the importance 
of insight and creative imagination in science, especially 
when relating true science to religion and the arts. 
Creative imagination is used in these fields to explain the 
mystery of reality. When the imagined myth or art form 
becomes real and an end in itself, dogma takes over. 
Instead of science, art, and religion, sharing their creative 
insights, they are often set against each other. 

Students should be encouraged to use their 
imaginations more in science and to develop a 
sympathetic appreciation of the various interpretations of 
reality offered by different cultures at different times. 
They should also see the pitfalls ^ dogmatism, and 
preserve a healthy scepticism toward hypotheses and 
theories. 
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S-3 SCIENCE AND SOCIETY: A SUMMARY OF 
EFFECTIVE TEACHING METHODS FOR THE 
SECONDARY TEACHER 

David J. Kuhn, Science Coordinator, K-12, Public 
Schools of the Tarrytowns, North Tarrytown, New 
York 

Thii report deals with a survey of effective, practical 
teaching methods for secondary teachers interested in 
introducing courses or units concerned with the 
relationship of science and society. The theoretic basics 
and the practical application of several pedagogical 
approaches are introduced. The methods discussed and 
illustrated include: value clarification exercises, simulation 
activities; the use of fantasy trips and debate; laboratory 
exercises and demonstrations; attiludinal surveys, and 
techniques for the critical review and analysis of articles 
and advertising in the public press and other media, 

A major trend in science teaching for the 70's is an 
increased emphasis on the social implications of science. A 
pursuit of relevance is evident in all of us. The media are 
filled with popular concerns about pollution, 
overpopulation, drugs, mental health, the neurobiology of 
the learning process, genetic engineering, and the like. It 
can be argued that social problems rest, in part, on basic 
scientific concepts; one cannot understand pollution 
without a knowledge of fundamental concepts in ecology; 
overpopulation without a knowledge of population 
dynamics; or drug action without some background in 
human physiology. Clearly, we must bridge the gap 
between societal issues and science concepts. 

Teachers cannot be realistically expected to meet this 
challenge unless they are equipped with a variety of 
appropriate pedagogical tools. The techniques suggested 
may be a partial **answer" to this difficulty. 

S.4 POTENTIAL SAFETY SYMBOLS APPLICABLE TO 
THE SCIENCE CLASSROOM AND LABORATORY 

Gerald C. Llewellyn, Assistant Professor of Biology 
Secondary Education, Virginia Commonwealth 
University. Richmond 

In an effort to emphasize safety in the science 
classroom, a series of symbols have been developed, and 
preliminary tests for their effectiveness are currently being 
made. It is our opinion that symbols depicting the 
concept better portray the idea than written warnings 
alone, or non-conceptually related symbols. 

Some of the basic shapes found on highway signs and 
some of the proposals for symbols on Canadian products 
appear to be a familiar starting point. For example, the 
severity of the danger in our symbols can be related to the 
geometric shape surrounding the central drawing. A red 
triangle represents "caution;" a diamond indicates 
'Varning;" an octagon indicates "danger;" a circle with a 
45 slash represents "Do Not;** a slash alone represents 
"No;" and a square represents "Required Use" of a 
particular safety device such as glasses or gloves. These 
shapes can enclose a skull and crossbones, indicating a 
poison, or a flame, indicating combustion. A bony hand in 
a beaker represents a corrosive material; a blue light bulb 
indicates UV (ultraviolet) light. The series also includes an 
exploding tlask and a flask with escaping vapors. To 
encourage the use of safety glasses and gloves these 
objects are shown in sketches surrounded by a red square. 



In addition, a twoheaded serpent and the sUhouetto of an 
inverted animal infer bioha?.ards. 

It is hoped that after further refinements the above 
proposed symbols and warning shapes could be tested in 
mass in the classroom in an effort to increase 
communication and reduce injuries, 

S-S AN OPEN SYSTEM FOR PREPARING ISCS 
TEACHERS (WHAT HAPPENS IF YOU TRUST 
TEACHERS?) 

Ted Mills, Professor, Oklahoma State University, 
Stillwater 

This presentation is an instructional design which 
encourages individualized, self-paced activities from which 
participants are free to choose. How teacher? react, what 
can be accomplished, and the Instructional design's 
potential to effect change in the public school classroom 
are discussed. 



GROUP T 
INTERESTING APPROACHES 

T*l ASTRONOMY AND A LUNAR SKYLAB 

Kenneth C. Wardwell, Science Technician, Research 
Professors Institute, Cohoes, New York 

A lunar skylab could Jbf?.a desirable follow-up to the 
Earth Orbiting Skylab. As details of design and launch 
would be similar to the EOS, a lunar skylab could provide 
a source for astronomical observations of the moon rather 
than the earth. Studying astronomy from the moon*s 
surface would not be necessary. 

During the months the lunar skylab would be aloft, 
as a satellite of the moon, it could serve as living quarters 
for astronauts, astronomers, and geologists studying our 
galaxy. Besides mapping the moon's surface, the team of 
astronomers could observe the planets and their 
retrograde motion to a background ot distant stars and 
constellations. The sun's size could be verified when the 
moon was new and, also, full. The inferior planets could 
be plotted at eastern and western quadrature to the 
(moon*s) skylab position at first and third quarter phases. 
The data relayed to earth could be computed, and 
observations resolved and compared to the data of 
superior planets and their retrograde motion. By observing 
sunspots and the sun's corona to the sun's polar axis of 
rotation, the lunar skylab astronomers could determine 
the sun's orbital motion within the earth's orbit around 
the sun. Observation each month for meteor showers 
could determine the radiant point from which each 
shower originates (some lasting for several days). 

Future observers aboard the lunar skylab could also 
observe Mercury transits, Halley's comet, and the Venus 
transits of the next century (2004 and 2012). Each year 
there are three eclipses or more and the lunar skylab could 
gather important data at lunar and solar eclipses. 
Photographing the corona of the sun from skylab during 
each eclipse could be compared to earth photographs 
done at the same instant of time to compare the effects of 
earth's refracting atmosphere. Discovery of the sun's 
orbital diameter could be a prime factor in elevating 
astronomy to its rightful place as a *'pure science/* 
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T-2 A SYSTEM APPROACH TO SCIENCE 
EDUCATION IMPROVEMENT IN OKUHOMA 

Edward Stucver and Robert Jones, Professors, 
University of Oklahoma, Norman 

No abstract submitted. 

T-3 MOTIVATIOisAL SCIENCE QUIZZES 

Gordon J. Senoff, Assistant Professor of Education, 
Brandon University, Brandon, Manitoba, Canada 

Quizzes can function to stimulate interest in outdoor 
education, creativity, critical thinking, concept teaching, 
the process approach, and in an interdisciplinary 
emphasis. 

Typical outdoor quizzes are: Nature Did It First; 
What Am I; Do You Have a Bird Brain; A Can Full of 
Worms; and Nature, Fact or Fiction. Some illustrative 
items are: Only male mosquitoes bite. (T,F) [Ij; A 
blueberry is red when it is green. -(T,F) [2] ; A porcupine 
is born with quills. (T,F) [3) . 

The standardized Remote Associates Test on 
creativity can be used as a model for writing a Science 
Associates Exercise. In this exercise you are presented 
with three words and asked to And a fourth word which is 

related to all three. For example, nine, night, nap, 

[4] . In a poetic 'Who Am I quiz the pupil may be asked to 
write his own stanza describing an animal or plant. 

Critical thinking can be encouraged with the use of 
Planetary Baseball, Contradictions, and analogies such as: 

DOE:VIXEN. SOW: (drake, buck, mare, capon). 
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Concept teaching can be enhanced by Pictorial 
Science Misnomers, All in the Family, Family Tree, and 
Order in Class. An exercise on misnomers could be 
presented in multiple-choice form, for instance. Which of 
the following is a GRASS? (pepper grass, couch grass). 
(61 

Misnomers could also be engaged in teaching the 
process of classifying. The process of observing may be 
promoted by the use of Bird Silhouettes, Who Goes 
There? (animal tracks). Optical illusions> and the 
Photographic Mind. 

The interdisciplinary area may be represented by the 
following examples: 

Home Economics ~ Corned Beef is beef and [71 

Mathematics - A bakers' dozen consists of (12, 13) 
items. [8] 

English - Pluralizc: goose, mongoose. [91 
Geography - The (Atlantic, Pacific) end of the Panama 
Canal is the farthest east. [10] 

Answers: 1. F; 2. T; 3. T; 4. cat; b. mare; 6. 6; 

7. brine; 8. 13; 9. geese, mongoose; 10. Pacific. 

T.4 DEVELOPMENT AND EVALUATION OF A 
COMPUTER SUPPLEMENTED SECONDARY 
SCIENCE CURRICULUM 

Daniel A. Myers, Physics Teacher, Computer 
Education Specialist, Wasson High School, Colorado 
Springs, Colorado 

1 attempted to develop and test materials for use in a 
computer-oriented physics course. The materials were 



designed to help individualize instniction and free the 
teacher for more contact time with the students. The 
effect of these materials on the student's cognitive 
progress and his outlook toward physics was studied by 
means of various testing devices. 

All students In the 1972-1973 physics class took part 
in the work. The effect on their cognitive progress was 
studied by comparing test scores for this year against last 
year (1971-1972). Both tests and testing conditions were 
as nearly Identical as possible* A pre- and post-attitudinal 
test was administered to check the effect of the program 
in the affective domain. 

It was found that the overall feeling generated by the 
program was positive, probably due in large part, to 
Increased freedoln of the teacher for more individual 
student contact. There also seemed to be a vastly 
improved ability to retain and, more importantly, transfer 
concepts to other areas and levels. 

T-S A CONTRACT UNIT ON PLANTS 

Frances Weiss, Life Science. Teacher, Warren Junior 
High School, Newton, Massachusetts 

This contract unit was developed in order to provide 
for individual needs in heterogeneously grouped 
eighth-grade classes. Due to the broad range of abilities in 
such classes, it is difficult to use the more conventional 
"lockstep" approach. 

The contract consists of required assignments and a 
variety of optional investigations. Activities in the 
contract include: reading, using question sheets, planning 
and carrying out a controlled experiment, using a 
taxonomic key, dealing with plant structure through six 
or more laboratory activities, working with a microscope, 
growing bacterial cultures, and viewing fllmstrips. The 
variety of activities allows nonverbal students to select an 
almost totally experimental and audiovisual contract. At 
the same time, students who like reading and writing more 
than experimentation can choose the major portion of 
their contract work from those categories. 

Students enjoy selecting their own assignments and 
working at their own rate. The motivational value of the 
contract is clearly illustrated by the fact that the vast 
majority of students elect to work for an **A** or **B" 
contract and nearly all of them complete the requirements 
for the mark selected. 



GROUP U 

CURRICULUM DEVELOPMENT (7-12) 

U-1 A DESIGN FOR CURRICULUM INNOVATION 
(7-12) 

T. Ray Jackson, Secondary Curriculum i uvi»-dM^ator, 
North Olmsted Senior High School, North Olmsted, 
Ohio 

This presentation deals with the development of the 
needs assessment phase and the techniques used in the 
establishment of the problem areas to be tackled within 
the science department of the North Olmsted City 
Schools. It was found that staff involvement throughout 
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the project is essential if the result is to develop into a 
viable curriculum program. This involvement can result in 
the development of a team approach to the teaching of 
science. 

U.2 A DESIGN FOR CURRICULUM INNOVATION 
(7-12) 

Irene Szaniszlo, Chemistry Teacher, North Olmsted 
Senior High School, North Olmsted, Ohio 

The wide selection of courses that have been 
developed within the science department of the North 
Olmsted City Schools on a nine-week, semester, or yearly 
basis, depending upon circumstance, is briefly discussed. 
These offerings provide a sequence of learning more 
appropriate to student needs and interests than previous 
offerings. Courses utilize a variety of modes of learning. 
Problems relating to choices of learning alternatives, 
alternative grading procedures, and the selection of 
materials are examined. 

U.3 A DESIGN FOR CURRICULUM INNOVATION 
(7-12) 

Ken Frazier, Physics Teacher, North Olmsted Senior 
High School, North Olmsted, Ohio 

An overview of the teaching staff, the scheduling of 
classes, and the teaching load as it pertained to curriculum 
innovations within the science department of the North 
Olmsted City Schools is presented. 



GROUP V 

EVALUATIVE STUDIES 

\ l ASSESSMENT OF THE SCIENCE PROCESSES 
FOR STUDENTS AT THE END OF MIDDLE 
AND/OR JUNIOR HIGH SCHOOL 

John F. Reiher, State Supervisor of Science and 
Environmental Education and Del Mod/DPI 
Component Coordinator, Department of Public 
Instruction, Dover, Delaware 

A program entitled Delaware Educational 
Accountability System, developed by the Delaware 
Department of Public Instruction, went into operation in 
January 1971. A set of goals for education in Delaware's 
schools with input from the general public, students, 
teachers, and administrators were evolved and finally 
adopted by the State Board of Education. Then, a series 
of objectives for the areas of natural science, mathematics* 
reading, and language arts were constructed with a team 
of teachers representing each of the content areas. Upon 
completion of general objectives for each content area, 
and with cooperation from the Educational Testing 
Service, a series of tests were developed. The test series 
represented a step closer to the goal of developing a 
statewide testing program, at the end of the first, fourth, 
and eighth grades. 

As the test items were consistent with the statewide 
natural science objectives for the fourth and eighth grades. 



the test was administered in spring 1973 to all fourth and 
eighth graders. The preliminary results show good scores 
in student achievement for natural science. The 
contention of this writer is that due to the nature of the 
test constructed we are measuring science content based 
on the student's ability to read. If an instrument could be 
designed to measure the same basic objectives, but to 
focus on the student's audio and visual senses the 
student's achievement measure would be a more reliable 
assesan ent of his knowledge of the natural science 
pruce^ies. 

Objectives are: 
L .0 develop an audiovisual test of the natural science 
processes for students completing the eighth grade in 
Delaware's junior high and/or middle schools by 
using the statewide objective for natural science, 

2. To implement the use of this test instrument in a 
randomly selected junior high and/or middle school 
from across the state in five to seven schools, and 

3, To evaluate the results of the new test instrument as 
compared to the present instrument being used for 
eighth graders in the state. 

V-2 TRANSFER AND RETENTION OF THE SCIENCE 
PROCESSES OF OBSERVATION AND 
COMPARISON IN JUNIOR HIGH SCHOOL 
STUDENTS 

Audrey N. Tomera, Assistant Professor, Science 
Education, Department of Elementary Education, 
Southern Illinois University, Carbondale 

Scientific processes have value as components of 
critical thinking. The question of the length of retention 
of two basic science processes and the ability of students 
to transfer said skills are addressed in this presentation. 

A special methodology for teaching the skills of 
observation and comparison was used with a sample of 
172 participating seventh and eighth graders. Students 
were instructed using three-dimensional science objects, 
either deciduous winter twigs or microscopic algae. 
Samples were randomly assigned to two- or four-week 
training groups, review or no review-treatments, and the 
instructional vehicles. 

Instrumentation for measuring achievement were the 
Scientific Observation and Comparison Skill Test-Twig or 
Algae Forms. These tests have been validated as well as 
positively researched for test-retest reliability; interscorer 
reliability, and alternate form reliability. 

Students were administered a pre- and post-test to 
measure transfer ability. Delayed post-tests (on the 
training vehicle) were given at three-month, five-month, 
and one-year intervals to ascertain the degree of retention 
of observation and comparison. 

Transfer data were analyzed using the multilinear 
regression approach. Retention data were treated 
descriptively using the mean percent of retention from 
post- to delayed post-testing. 

Results of the study indicated that observation and 
comparison skills arc phenomenally retained over all three 
time periods. There was no significant difference obtained 
between samples receiving and not receiving the review 
treatment. No significant difference was obtained between 
samples receiving two and four weeks of instruction. 

Significant transfer of observation occurred in both 
two and four week training groups, regardless of which 
vehicle was used for training or for measurement of 
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transfer. Significant transfer of comparison occurred in 
the two*week training groups. 

In summary, the results indicate that junior high 
school students can be taught the skills of observation and 
comparison in a relatively short perbd of time. The 
methodology used to achieve mis can insure 

Shenomenally high degrees of retention over three-month, 
ve*month, and one-year delay periods, as well as securing 
positive lateral transfer. 

V*3 THE MEASUREMENT OF THE ACQUISITION 
AND TRANSFER ABILITIES OF JUNIOR HIGH 
SCHOOL STUDENTS IN PERFORMING THE 
SCIENTIFIC PROCESS OF CLASSIFICATION 

Henry G. Walding, Instructor, Science Education, 
Department of Elementary Education, Southern 
Illinois University, Carbondale 

Numerous researchers (Gagne, Livermore, Schwab, 
and others) have espoused the need for training in the 
processes of science rather than science content per se. 
Similarly, many of these individuals have stipulated that 
these processes of science do have transferability to other 
areas of the curriculum and everyday life. Certainly this 
assumption is in agreement with one of the broad goals of 
general education: that what is learned must have 
applicability beyond the context in which it is learned. 
This assumption also appears to be of extreme importance 
to the discipline of science; both in terms of developing a 
scientifically literate society and in training individuals in 
skills which ^vill tr-insfer from one science content to 
another. 

There have been a sparse number of research studies 
which have dealt with measuring the acquisition and 
transferability of the processes of science. Junior high 
school students (N=170) were selected for the research 
population. This study presents an empirical analysis 
dealing primarily with two basic questions: 

1 . Can junior high school students significantly improve 
their scientific classification abilities as a 
consequence of instruction? 

2. Can these same students subsequently classify 
unfamiliar scientific objects to a significant degree 
when compared to a control group who have had no 
scientific classification training? 

Although teaching for transfer of learning may well be a 
viable pedagogical and research practice, teaching for 
transfer was not a part of the strategy used in this 
research. 

Results of this research do present an extrenit^'y 
strong case that students can indeed learn how to classi.y 
scientific objects and subsequently transfer what they 
have learned to another set of unfamiliar scientific objects 
from a different context without having specific training 
for transfer, 

V4 TEACHER SELF-EVALUATION IN PHYSICS AND 
CHEMISTRY 

Mahlon Wissink, Scieiice Department Chairman, 
Mayo High School, Rochester, Minnesota 

The original organization plan that was undertaken in 
the physics courses at Mayo High School involved five 
areas of evaluation. 



1 . National tests and norms for students, 

2. Appraisal from fellow teachers and/or administrators, 

3. Small group conference*: with students, 

4t A questionnaire to be answered anonymously by all 
students, 

5, A TV tape of lectures for self«evaluation. 

Item 1 was based on physics tests written by the 
textbook authors, designed to compare student 
achievement with a national test sampling. Some analysis 
of the type of student in each course as to ability and 
interest was necessitated. Due to lack of time this was 
done only for Project Physics tests and should have 
included more students. 

For Item 2, evaluation from fellow teachers involved 
in the physics department on a team teaching approach, 
was not done on a class *Msitation" approach, but with an 
evaluation instrument agreed upon by teachers involved. 
It was necessary to design the instrument for evaluation. 

Item 3 involved conferences with small groups of 
students (5*10 per group) covering anyone interested. 
Planning as to the type of questions appropriate for 
student response and cooperation of our teaching teams 
to free students for such conferences was required. 
Discussions were carried out by the teacher himself or by 
his colleague to determine student opinion when the 
teacher being evaluated was not present. 

Item 4 allowed students to fill out a form 
anonymously. A form was designed in cooperation with 
the other teachers so that personal biases would be 
somewhat minimized. 

For Item S video tape was used during class sessions 
involving teacher lecture and demonstration. Videotaping 
was done for personal improvement and was a somewhat 
unnatural situation as there was a temptation to prepare 
especially for the lecture being taped. It was useful, 
however. Another problem in our approach to teaching 
was that lecturing does not play a major role, however, it 
is still present and should be evaluated by all of the 
methods discussed. A form was provided for tape 
evaluation. 



GROUP W 

APPROACHES TO INDIVIDUALIZATION 

W*l REACHING THE SLOW LEARNER WITH 
CAREFULLY STRUCTURED AUDIO-TUTORIAL 
LEARNING EXPERIENCES 

Dennis M. Afton, Science Teacher, Oil City Junior 
High School, Oil City, Pennsylvania, and Michael 
Szabo, Associate Professor of Science Education, The 
Pennsylvania State University, University Park 

This study describes a self-paced audio-tutorial (A-T) 
science program for slow learners. How would low-ability 
students react to a science program which is self-paced, 
provides increased contact with manipulative materials, 
circumvents reading problems, and delegates responsibility 
for self direction?The literature was reviewed to validate 
the author's observations of slow learners and to identify 
instructional techniques useful with them, 

A scries of self-paced science modules to cover six 
weeks of instruction was developed. A multi-media, A-T 
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aopruach which features instructional objectives, frequent 
diagnostic feedback, and manipulative laboratories was 
selected. Twelve eighth-graders, low on IQ and reading 
scores, completed the units with minimal teacher 
instruction. Thirty*eiglit students were exposed to the 
same subject in a traditional (i.e., group«paced with 
lecture and demonstration as the dominant mode) 
learning environment. 

Qui^^es, exams, grades, and course attitude 
questionnaires provided the data. The A*T group felt they 
learned more and that more courses should be offered in 
this format. Grades confirmed feelings; the A-T group 
earned higher grades than the traditional group. Their 
grades dropped, however, to the level of the traditional 
group when they reverted back to traditional instruction. 

Students wrote that they enjoyed the freedom and 
the trust placed in them. The comment that the materials 
were suitable and did not rely on reading was also 
mentioned frequently. Although some missed the 
classroom interaction, they would choose A-T again as the 
preferred mode. 

There was less absenteeism in the A-T group although 
the A*T approach reduced problems of administering 
make-up work. Some students subsequently developed 
their own high quality A*T learning packets which were 
added to the course. 

With proper planning and execution, individualized 
instructional materials can be developed to educate the 
slow learner; hopefully each student can be educated to 
his or her maximum capacity. 

W*2 INDIVIDUALIZING INSTRUCTION IN BIOLOGY 
AT THE SECONDARY LEVEL 

Joseph A. Chambers, Biology Teacher at the 
Secondary Level, Affton Senior High School, St. 
Louis, Missouri 

In an effort to update our biology program, meet the 
needs of our students, and to utilize best the time and 
talents of our teachers, we instigated an individualized 
program at Affton Senior High in October 1972. Our 
method of individualizing is through the use of learning 
packets to teach the various areas in biology. The packets 
include a brief introduction of the subject to be learned; 
the objectives to be reached; and the activities, both 
required and optional, necessary to reach the objectives. 

Since all test questions are based on the knowledge 
and behavioral objectives, the student can take the tests 
with confidence providing he understands the objectives. 
The individual student works at his own rate in 
performing each required activity which includes readings, 
dissections, experiments, visual aids, and audio cassettes. 
While each student completes the activities in his 
particular packet, the teacher is available to help the 
student with individual problems. 

Our observations indicate that it is somewhat 
difficult to make the transition from a traditional 
approach in other classes to individualization in biology. 
However, once the /tudents accept the responsibility, they 
appreciate the opportunity to learn at their own pace. 

W-3 AUDIO-TUTORIAL BIOLOGY ^ AN 
INDIVIDUALIZED APPROACH AT JAMES 
MADISON MEMORIAL HIGH SCHOOL, 
MADISON, WISCONSIN 

James Hcin, Biology Teacher, James Madison 
Memorial High School, Madison, Wisconsin 



The individualization of high school biology has 
taken many different forms, the A«T approach being one 
of the more popular. The audio-tutorial biology 
laboratory at Madison Memorial High School was 
designed, implemented, and operated by this author. 
Tapes (cassette)* 35mm slides, and program materials have 
been developed by the author, and a large library of 
filmloops and printed reference materials contribute to 
the overall program opportunities for students to learn on 
an individualized basis. The utilization of instructional 
objectives and objective*based examinations are reinforced 
through retest opportunities for each student. The 
philosophy of the laboratory emphasizes continukig 
student-teacher interaction, doing away with the 
^^mechanical'' trap that some A-T programs have fallen 
into. 

The most recent development of the A^T program at 
Madison Memorial High School has been in connection 
with the minicourse philosophy undertaken by the 
biology teachers at Memorial. Prior to this development, 
the author taught approximately ISO students per year 
exclusively through the A-T Program. The minicourse 
opportunity is allowing students to select various 
minicourses in biology after the completion of a 
twelve-week core program in some of the basic 
fundamentals of bio ogy. Many of the minicourses are 
being offered through the A-T Laboratory - thus more 
students will have an opportunity to learn biology 
through the use of an audio-tutorial program that has 
proven itself to be quite successful. 

W4A FANTASTIC WAY TO INDIVIDUALIZE 
SCIENCE IN THE ELEMENTARY SCHOOL 

John D. Hunt, Assistant Professor of Science 
Education, University of Northern Colorado, Greeley 

Individualized instruction is not a new concept; it has 
been practiced for years, usually involving discussions, 
student-centered activities, and teacher demonstrations. 
Dwight Allen advocates that individualized instruction 
should encompass large group, small group, and 
independent study. This type of instruction was used in 
an undergraduate elementary science teaching course at 
Baylor University and is being used at the University of 
Northern Colorado. 

The course was structured according to Robert 
Glazer's teaching model of four components. The first 
component, instructional objectives, was stated for each 
activity in a behavioral mode. Second, the students 
entering behavior was determined by means of a pre-test 
at the beginning of the course. The third component, 
concerning instructional procedures, was process and 
content-oriented and semi-structured in an inquiry mode. 
Small group discussions with the instmctor present were 
used as a culminating activity. The last component of 
Glazer's mod el involved assessing the students' 
performance which was achieved by administering a 
post-test of the paper-pencil type, to each student. Both 
the pre-test and post-test were identical. The student who 
met the criteria of 75 percent at the end of the course 
received an "A" for the course. 

To lead to the expected criteria, tiiC instructor spent 
his energy building up the self-image of all students by 
reinforcing every activity with praise. No deadlines were 
imposed. 

An important phase of this modular-centered course 
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was the development by the undergraduate student of a 
muiti*media auto^tutorial system with reinforcement and 
feedback. Research conducted by the Instructor 
substantiates cognitively that behavior can be modifled at 
the 0.01 level of significance for the student with a low IQ 
as well as one with a high IQ. 

Several positive student responses to this course are: 
increased student interaction with instructor; increased 
student responsibility for his own learning; the objectives 
for each activity were stated; the end of the course was 
seen; and if questions, for certain sections, were answered 
correctly the student was exempt from activities in class 
in which 75 percent competency was shown. 



W-S INDIVIDUALIZATION OF PHYSICS FOR 
INCREASED ENROLLMENT THROUGH 
MODERN INSTRUCTIONAL TECHNIQUES 

LesHe A. King, Physics Teacher, Boyerton Area High 
School, Boyerton, Pennsylvania, and Michael Szabo, 
Associate Professor of Science Education, The 
Pennsylvania State University, University Parle 

Physics curricula designed to accommodate different 
student interests or modes of learning never touch 
students who opt not to study physics. This paper 
describes a project developed to increase exposure to high 
school physics. 

Local problems attacked by this project were: lack of 
student interest in physics, inadequate serving of needs or 
interests of the majority of physics students, and physics 
teaching with no provisions for accountability of student 
learning. The solution involved a carefully balanced 
integration of modern curriculum materials and several of 
the best known teaching strategies known today. A 
curriculum which lends itself to individual differences was 
selected; Project Physics. Behaviorally stated instructional 
objectives (io) were developed to communicate course 
expectations and to stimulate self-directed learning. 

All students undertake a basic core of ios to assure 
adequate learning of basic concepts of physics. Beyond 
these core objectives, each student selects optional ios and 
appropriate learning activities to correspond with his or 
her interests and goals. Specific interests, abilities, and 
goals of each student are assessed through a series of tests 
at the beginning of the year. 

A mastery learning model is used with the core and 
optional objectives because it is deemed more important 
to help students arrive at demonstrable levels of physics 
understanding than to fmd out who scores higher on a 
physics examination. Frequent performance level testing 
is used since progress is regulated by mastery of 
prerequisite concepts. 

Seniors who had completed phyMCs are utilized to 
help manage the project as student aides. They serve as lab 
assistants and instructors, clerical recorders, and remedial 
instructors. 

Questionnaire evaluation indicates that student 
confidence and satisfaction with the course are high. 
Physics enrollment increased 14 percent after the first 
year and another 15 percent after the second year of the 
program. Average scores on standardized physics tests are 
equivalent to national norms. 

This project represents a realistic step that may be 
taken toward providing more effective physics programs 
at the high school level. 



GROUP X 

ENVIRONMENTAL EDUCATION 

XI THE POLITICS OF ENVIRONMENTAL 
EDUCATION: SOME INSIGHTS FROM VERMONT 

Russell M. Agne, Associate Professor of Education, 
University of Vermont, Burlington 

Vermont is one of the leading states in the United 
States in taking legislative action on environmental 
concerns. Questions might be raised however concerning 
its environmental education effort. This paper chronicles 
the history of environmental education planning in 
Vermont during the last several years, and offers 
suggestions for those considering statewide environmental 
education planning. 

A conference held in May 1973 brought together 
representatives of the public schools, government *(state 
and federal) agencies, colleges and universities, and a 
variety of private ei vironmental groups. A great deal of 
useful information ibout the politics of environmental 
education was derived from this working session. 
Judgments were made which formed the basis for 
directing future efforts such as a Governor's Conference 
on Environmental Education held in October 1973. 

X*2 BACKPACKING IN THE SCIENCE CURRICULUM 

Stanley 0. Martin, Secondary Science Supervisor, 
Topeka Public Schools, Topeka, Kansas 

For the past three summers, the Topeka Public 
Schools has offered its high school students an 
opportunity to study ecology and geology in a field^study 
setting The purpose of this field-study course is to 
provide students an opportunity to acquire an 
understanding and appreciation of their natural 
environment through outdoor experiences with ecology, 
geology, and camping. The major features of this course 
are several weekend outings which serve as training 
sessions, and a 16-day field trip through Kansas, Colorado, 
Wyoming, and Nebraska in late July. Pre-field-trip 
activities emphasize basic ecological and geological field 
study techniques as well as the learning of camping skills. 
Hiking and backpacking play an important role in bringing 
the student into a close relationship with his natural 
environment. 

A slide presentation shows the importance of this 
type of science course offering in today^s science 
curriculum. Detailed planning and curricular materials 
used in this course are available. 

X.3 AN INNOVATIVE ENVIRONMENTAL SCIENCE 
EDUCATION PROGRAM FOR SECONDARY 
SCHOOL SCIENCE TEACHERS 

Harold J. McKenna, Assistant Profe:;sor, The City 
College of New York, New York 

An innovative master*s degree program which was 
problem focused (each course in the program develops 
content around specific environmental problems); 
interdisciplinary (concepts from both the natural and 
social sciences are integrated into each course); 
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intradiscipllnary (content, teaching methods, and action 
involvement are incorporated into each course). All 
courses in the program nave the title ESE (Environmental 
Science Education) and are offered on a sliding credit 
scale, whereby students select the number of credits they 
wish (one to three). 

Using a course in human ecology as a working model 
of the program, instruments were developed to determine 
the extent of: 

1. Student involvement in various activities (such as 
committee participation, club formation, journal 
reading) could be determined as a result of having 
taken the course; 

2. Student use of seven identified teaching methods 
(such as discussion, oral report, parable, and 
problem-solving) could be observed; 

3. Acquisition of basic concepts in environmental 
science education could be determined. 

The results of the evaluation are as follows: 

1. Nine activities were identified as having a marked 
increase as a result of students having taken the 
course in human ecology. Of the nine activities, four 
- attending meetings in environmental education on 
a regular basis, reading environmental science 
journals and books, taking personal action on the 
community level, and developing new courses, clubs, 
and curricula at the secondary school level - showed 
the greatest increase of involvement by students. 

2. Five of the teaching methods - discussion, 
problem-solving, case study, oral report, and 
audiovisual - were used by 45 percent or more of 
the nine teachers observed. 

3. Twenty-five of the 42 basic environmental science 
concepts developed in the course were used by 33 
percent or more of the nine teachers observed. 

In summary, this study demonstrates that teachers of 
science at the secondary level can: use major concepts 
from an environmental science education course, 
incorporate methodology developed in the course into 
their own teaching at the secondary level, and become 
actively involved in community activities as a result of 
special training. 



X4 OUR NATIONAL PARKS 
STUDY 



AN INTERESTING 



Robert M. Schumacher, Teacher and Science 
Chairman, Yorkville Community Unit No. 115, 
Circle Center School, Yorkville, Illinois 

This presentation describes an eighth-grade earth 
science unit which demonstrates how the geology, the 
geography, and the meteorology of our national parks 
combine to make an environment for a unique set of 
living things - the plants and animals in the parks. The 
study of our national parks is a means of integrating all of 
the sciences the earth sciences, the life sciences, and the 
physical sciences and seeing how they complement each 
other. Students are ctiallenged to use all of their language 
arts skills as they are exposed to the ecology and 
conservation of our natural resources in real situations. 

The unit is appropriate as a minicourse, an individual 
assignment, or a group study. Students or committees 
participate in a research project after obtaining sufficient 
guidance to ferret out information from library, park 
service, and other sources. Research projects culminate in 



the preparation and presentation of an oral and a written 
report, delivered to the class with the confidence of an 
expert. Each student prepares a variety of visual aids 
which include maps, graphs, charts, drawings, models, and 
pictures. Many students And a certain feature of the park 
very interesting and do further research on this topic. 

Students enjoy studying our national parks, and 
learning how to use their leisure time and to appreciate 
our country's untamed wilderness areas. 

X-S MARINE SCIENCE: FIELD TRIPS FROM 
NEBRASKA TO THE GULF OF MEXICO 

Gary Brown and Jack Head, Science Education 
Specialists, ESU 3-OSACS Science Center, Gretna, 
Nebra^a 

Twice each year, 16 Nebraska high school students 
travel with the ESU 3-OSACS Science Center staff to the 
Gulf of Mexico, where they visit the University of Texas 
Marine Science Institute at Port Aransas. The group camps 
enroute and then resides at the dorm facilities while 
visiting the Marine Institute. Included in the week's 
activities on the Gulf Coast are: the study of plant and 
animal life, collection methods, tides, currents, navigation, 
food webs, and research in marine science. Many of these 
activities are conducted aboard the Marine Institute's 
research vessels. 

As many as two hundred and fifty living marine 
specimens have been returned to Nebraska during a single 
Gulf Coast trip. The school of each participating student 
is then provided with a saltwater aquarium and several 
specimens. The remaining specimens are kept on display 
in the live room at the Science Center. 



GROUP Y 

CHEMISTRY (SECONDARY) 

Y-1 THE IMPACT OF AMERICAN CHEMISTRY 
PROGRAMS ON SCIENCE CURRICULUM WORK 
IN NIGERIA 

Sam Tunde Bajah, Lecturer, Department of 
Education, University of Ibadan, Ibadan, Nigeria 

Science education in Nigeria has had phenomenal 
growth during the last five years. The Science Teachers 
Association of Nigeria (STAN), aided by funding 
organi>:ations such as the Ford Foundation through 
CHSAC (Comparative Education Study and Adaptation 
Centre)* the British Council, West African Examinations 
Council (WAEC), the State and Federal Ministries of 
Education, developed within this period (1968-1972) a 
number of curricular materials in biology, chemistry and 
physics. The primary focus seems to be in the production 
of science books. There is no doubt that the impetus for 
this innovative work in science education in Nigeria has 
been catalysed by trends in other parts of the worid - 
America, Scotland, and the United Kingdom. This paper 
focuses on the influence of the American programs on 
curriculum in Nigeria. 

Curriculum planning in Nigeria, as in many other 
advanced countries involves at least two very different 
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kinds of processes. First, there are political and legal 
considerations. Controlling agencies such as the Ministries 
of Education and the West African Examinations Council 
set forth guidelines whicli sometimes take on the 
character of law. Second, curriculum planning is a 
substantive enterprise in that it has certain perennial foci 
of intellectual attention, commonly identified as 
considerations of ends and means. While it may be 
unrealistic to expect packaged programs which can simply 
be adopted as complete units in a developing country, it is 
clear that well-developed programs can often be 
implemented by a teacher or school system with relatively 
slight modification to fit the . particular local 
circumstances. 



Y-2 CHEMICAL ANALYSIS - A HIGH SCHOOL 
MINICOURSE 

Jon R. Thompson, Chemistry Teacher, General 
William Mitchell High School, Colorado Springs, 
Colorado 

To increase relevancy in science courses and expose 
previous chemistry students to specialized topics our 
chemistry course at Mitchell High School includes 
minicourses. As chemical analysis is a very large and 
important portion of the chemical industry which is often 
only touched upon in most high school chemistry courses, 
one specialized minicourse is devoted to exploring types 
of analysis. 

The eight-week minicourse schedules students to 
meet in a structured class once or twice each week. During 
these meetings they are taught the basic theories behind 
certain methods of analysis. Articles and reprints of such 
journals as Scientific American and Chemistry are utilized 
to explain topics related to analysis. 

Students are required to do six experiments on the 
following topics: ion exchange, column chromatography, 
visible spectrophotometry, nephelometry, infrared spec- 
trophotometry, ultraviolet spectrophotometry, nuclear 
magnetic resonance, gravimetric analysis, volumetric 
analysis (titration). Another tv/o experiments are chosen 
from several available and performed during student un- 
structured time (open laboratory: Mitchell is on modular 
scheduling). 

All students: 

1. Do an unknown on the IR Spectrophotometer as 
part of a field trip to the University of Colorado 
Organic Laboratory. 

2. Build their own simple gas chromatograph and do an 
unknown with it. 

3. Complete an analysis using ion exchange prior to a 
field trip to Holly Sugar Research Laboratory where 
ion exchange technique is used. 

4. Complete an analysis using the visible 
spectrophotometer prior to visiting a local science 
facility (Kaman Sciences Corporation) that has an 
atomic absorption spectrometer* 

Other correlated field trips and experiments are also 
included. 

Students learn the basics in the laboratory and see or 
study it firsthand just a few days later in the real 
industrial laboratory. Course participants indicate that 
they have seen cliemistry in action for the first time and 
realize more fully the need to study certain laws and 
tiieories. 



Y.3 CHEMISTRY PERFORMANCE EVALUATION: A 
NEW TECHNIQUE 

William M. Frase, Chemistry Teacher, Fairview High 
School, Fairview Park, Ohio 

The chemistry curriculum, like that of the other 
sciences, has changed from an emphasis on rote 
memorization and text orientation to the "discovery 
approach'* which has a greater emphasis on laboratory 
experiences. 

There has been little, if any, change in evaluation 
techniques to meet the needs of this new curriculum. 
Time honored pencil-paper types of evaluation, which in 
most cases have no relevance to what the student learns in 
the laboratory, are still being used. For several years, I 
have used a method of evaluation called a laboratory 
practical which meets the needs of the new curriculum 
and carries a high validity in the measurement of student 
comprehension and student application of learning skills. 

Practicals are not new to the biological sciences; 
where they have come to mean tests in which students 
move from station to station at speciflc time intervals, 
identifying preserved specimens or objects under 
microscopes. However, the ramifications of this method 
for chemistry as well as other laboratory sciences are 
many. Instead of using mere identifications, the 
imaginative instructor can measure laboratory skills and 
evaluate learning at different levels of comprehension. 

As an example, stations might include such basic 
skills as weighing, measuring, running chemical tests on 
the comprehension and application levels, deciding the 
proper apparatus to synthesize an organic compound, or 
interpreting an infrared spectrophotometer reading on the 
analysis or synthesis levels. 

Presented are: procedures of implementation; the 
pros and cons of this technique; a statistical analysis and 
validity data pertaining to this method's viability as an 
evaluative tool not only to chemistry but to all the 
laboratory sciences. 

Y4 MODULAR APPROACH TO NINTH GRADE 
CHEMISTRY AND PHYSICS 

Gary E. Dunkleberger and Ruth W. Smith, Science 
Teachers, Alexis I. duPont High School, Dover, 
Delaware 

Ir an attempt to promote a greater retention of 
concepts in the area of introductory chemistry and 
physics, Alexis I. duPont Hi^ School has implemented a 
modular approach to laboratory activities. Modularization 
has occurred by structuring the lab phase of the freshman 
chemistry-physics course into small self-contained units 
relating to seminar discussions. Students utilize a 
computer-assisted testing format to self-pace through 
laboratory activities with an option to return to difficult 
segments. Evaluation of stuoent progress is made by 
randomly generated criterion-referenced test items 
associated with specific objectives for that particular 
laboratory module. At the conclusion of each quiz, 
individual students receive a series of computer-generated 
remedial commands for each concept found to be 
deficient. After completing the remedial activities, 
students have the option to receive a requiz on the same 
concepts* 

This project was funded by Del Mod in its 
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developmental stages* It is an example of the projects 
possible with joint eiTorts between local aistricts, 
organisations such as Del Mod« and the Delaware State 
Department of Public Instruction. 

Y-S AN EXPERIMENT IN SOLID STATE CHEMISTRY: 
THE CRYSTALLOGRAPHIC MICROSTRUCTURE 
OF ZINC 

John Bycoskie« Department Chairman and Chemistry 
Teacher, Downingtown Area Schools, Downingtown, 
Pennsylvania 

Solids differ from fluids or gases in that the atoms or 
molecules of which solids are composed are in a lower 
energy state than they are when in the liquid or gas form. 
The randomness of location and the motion and energy of 
the components within a solid are of low degree. The 
components tend to be arranged in a structure which 
shows long range regularity, and their motions and energy 
consist primarily of vibrations about fixed points in this 
regular structure. 

An orderly arrangement of particles as described 
which extends far enough in three dimensions through the 
material is considered a crystal or grain. An array of 
crystals of various orientations is typical of a solid 
material such as zinc. Within any particular crystal of zinc 
all of the atoms of zinc are arranged with one particular 
orientation and pattern. 

Adjoining crystal sides in three dimensions constitute 
a crystal or grain boundary which may be revealed by 
proper physical and chemical means. Ordinarily a material 
(in this case zinc) is smoothly polished and then 
chemically attached or etched for a relatively short period 
of time with an appropriate etchant. The atoms of zinc in 
the vicinity of the crystal boundaries will dissolve more 
rapidly than other atoms within the crystal because of 
higher energy considerations and will leave a line (or 
crystal boundary) which can be seen with a microscope or 
even with the naked eye. Zinc is unique in the laboratory 
for two reasons: unusual equipment or materials are not 
required, and the hexagonal close-packed structure can 
easily be seen. 

Y-6 HOW SCIENCE TEACHERS CAN HELP THEIR 
STUDENTS BETTER UNDERSTAND THE 
MATHEMATICAL EXPRESSION OF CHEMICAL 
CONCEPTS 

Susan Abramowitz, Doctoral Candidate, School of 
Education, Stanford University, Stanford, California 

Chemistry teachers often complain of the difficulty 
their students have in handling scientific concepts that are 
expressed mathematically. Some of the methods that 
teachers use to help their students understand problems 
involving stoichiometric and gas law relations are the 
**factor-laber* method of dimensional analysis, reasoning 
from knowledge of the physical relations involved, and 
rote learning of formulae* The underlying assumption in 
this paper is that these problems are difficult because they 
demand an understanding of proportionality. 

Knowledge about how children acquire an 
understanding of proportionality has been generated 
primarily by developmental psychologists, such as Piaget 
and Robert Karplus. Teachers, however, have ample 



opportunity to investigate this problem. When existing 
teaching techniques arc not successful, tcacliers are 
expected to try out new ones, and "subjects** for these 
trials are readily available. 

Suggestions that classroom teachers themselves might 
use to help their students understand proportionality and 
work with related chemical concepts are givcn« These 
suggestions include a series of activities involving 
measurement and the mole concept drawn, in part, from 
the author*s experience in teaching to chemistry classes in 
Washington, D,C, She noted substantial improvement in 
her students* ability to handle chemistry problems 
involving proportionality by the end of the year in which 
she used these activities. 



GROUP Z 

MEASUREMENT AND THE 
METRIC SYSTEM 

Z l PRINCIPLES OF PRECISION 

Mary Ellen Quinh, Chairman of the Division of Natu- 
ral Science and Mathematics, Immaculata College of 
Washington, Washington, D.C. 

The demand, "Be more precise!** is one frequently 
heard in science classrooms. Although students seldom ask 
the meaning of such a request, they will most often 
respond with a simple repetition of an observation or of a 
complete experiment. Other students may make more 
careful measurements, reporting experimental results with 
an accuracy of three decimal places instead of the original 
two. A philosophical analysis of the term "precise** as it is 
used in the natural sciences provided the basis for 
constructing a set of principles of precision set forth in 
this paper. 

This report relates the development of a set of 
principles of precision to be used in measuring the quality 
of hypotheses elicited during an experiment in teaching 
hypothesis formation to sixth-grade children. However, 
not only can the principles be used to ascertain the 
precision of hypotheses; they also permit a determination 
of the precision of other inquiry skills, such as, observing, 
classifying, inferring, and predicting. Since the principles 
of precision apply also to various inquiry skills, they are 
applicable to the different areas of science including 
biology, chemistry, physics, and earth science. 

Z-2 GOING METRIC IN THE ELEMENTARY 
SCHOOL: SOME HAPPY IMPLICATIONS 

Linda Jones, Assistant Professor of Education, 
Department of Elementary Education, California 
State University, Northridge 

The most formidable obstacle to going metric in 
elementary schools is the apprehension it arouses in 
teachers. It is only natural to fear the unknown, but once 
teachers recognize the simplicity and usefulness of the 
metric system through pleasant firsthand experiences the 
unknown will recede and they will be ready to tackle the 
more realistic problems of implementation. 
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The advantages of gutng inotric arc grcaicr than the 
obvious one of shnpHfying computation. Among the shifts 
and changes will be more and better instruction in 
measurement and place value and less emphasis on 
common fractions. The value of firsthand experiences 
with real objects in measurement will be recognized and« 
it is hopedt applied in other areas of the curriculum as 
well, Science activities offer the most practical context for 
learning to "tliink metric." As the state departments of 
educatiim turn attention to the implen^cntatlon of metric 
instruction, many opportunities to improve science 
instruction should result. 

The above considerations will come into view 
gradually and may not be apparent durina the first yeai or 
two of metric instruction, what is bound to be a problem 
at first is the acquisition of suitable, Inexpensive materials. 
Although commercial suppliers are beginning to offer 
some metric materials now, there will probably be a lag 
between supply and demand during the early piiases of 
changeover. Teacher- and pupil-construcied materials will 
be very important. The learning potential in the process of 
such construction should become apparent during the lag 
period and» it is hoped, will be included as a regular part 
of the curriculum even when commercial supply becomes 
adequate. Several construction ideas and techniques are 
discussed. 



in number 1 and number 2 and also the followine 
may be taught: (a) ability to measure lengths liquid 
volume, and weiglit using decimals; and (b) ability to 
perform conversions between metric units using 
decimals. 

4. At grade six» the phases of the metric system given in 
number 1, number 2i and number 3 may be tauglu« 



Z.3 ELEMENTARY SCHOOL GRADE LEVELS 
APPROPRIATE FOR TEACHING THE METRIC 
SYSTEM 

Theodore John Bargmann, Science Coordinator, 
Lincolnwood Schools/Lincolnwood, Illinois 

Whereas gradual changeover to the metric system in 
this country now seems almost certain, there is a need to 
investigate how and when metric measurement should be 
taught in school programs. The study reported here is 
concerned with identification of elementary school grade 
levels appropriate for teaching certain skills and 
understandings of the metric system. The study also 
revealed some difficulties' which elementary school 
teachers may encounter in teaching the metric system. 

A teaching unit emphasizing student discovery was 
developed ana then taught by the research to a sample 
of 201 children in grades three through six* Using analysis 
of covariance, pupil achievement in learning the metric 
system was compared for the four grade levels on fourteen 
criteria. In consideration of the results of this analysis and 
of achievement levels on various tests used, the following 
guidelines were tbrmulated to indicate those grade levels 
at which different aspects of the metric system may be 
taught : 

1. At grade three* or possibly even before, the following 
may be taught; (a) understanding the meaning and 
approximate sizes of various metric units of length, 
liquid volume, and weight; (b) ability to measure 
lengtii, liquid volume, and weiglu using whole 
numbers: (c) understanding the organization of the 
metric system by multiples of tens; and (d) ability to 
perform simple conversions between metric units 
using whole numbers. 

2. At grade four, the phases of the metric system given 
in number 1 and also the determination of area and 
cubic volume may be tauglit* 

3. At grade five, the phases of the metric system given 
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